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GENSRAL RiEM.RKS

Spectral datas Ultraviolct speetra were taken in ncthanol on a
Perkin-Elner 350 speetrophotoncter., Infrared spectra werc
rceorded as nujol nulls, liq. filns or chloroforn solutions on a
Perkin-Elner Infracord 137 spcetrophotonetcr with sodiun chlorice
opticse The absorption values are recorded in cm"l.;H nuclear
negnetic resonance spectra were recorded on Varian T-60
spectroneter using tetramnethyl silane as the internal standnrc.
The chenical shift values are expressed in § and the coupling
constants (J) in Hz. Mass spectra were obtained with a CEC
21-110B double focussing mass Spectroneter operating at 70 cv
using a direct inlet systcne

Tenperatures are expressed in °c. Melting points arc
uncorrected and have been taken in capillories,

The figures underlined -re thc structure nunbers and the
figurcs shown in brackets arc literature rcfercnces. The
nunbers assigned to the structures given in cnch chapter refer
only to that particular chaptecr. The list of references

pertaining to cach chapter has been given at the end of the

chapter.,
Abbrevations
ars Aryl
Bz: Benzoyl
CCl,y: Carbon tectrachloride
CDClg: Deuterated chloroforn

: Doublect



DMiDs Dinethyl acctylenedicarboxylate

DMF': Dincthyl fornanide
IR: Infrarcc
KCN: Potassiun cyanide
M*: Molccular ion
ns Multiplet
[ePes Melting point
NMR: Nuclear lagncétic Roesonance
PClL: Perchloric acic
Ph: Phenyl
q Quartet
H 4lkyl or aralkyl
St Singlect
: Triplet
TFis Triflucroacetic acid
TLC: Thin Layer Chronatography
Ts: p-Toluenc sulfonyl

H Ultraviclct
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CHAPTER 1

CYCLOADDITION REACTIONS OF SOME
TRIHETEROATOMIC AZOLES "




CYCLO..DDUCTS OF DMLD WITH
~4AHETEROCYC LS -
& BRIEF REVIEW



A wide range of heterocyclic compounds containing
at least one nitrogen atom and possessing the grouping
-N=C (R) -/R =H or alkyl/as a part of the ring are known to
undergo cycloaddition reactions with dimethyl acetylene-~
dicarboxylate ZﬁMAQ7. such cycloaddition reactions have been
extensively studied with simple five and six membered hetero-
cycles like pyrrole and pyridine and their fused benzo
derivatives as well as compounds containing two heteroatoms such
as thiazole, oxazole, imidazole, pyridazine, pyrimidine, pyrazine
and their corresponding fused benzo derivatives. Depending on
the nature of the heterocycle and the recaction conditions, the
cycloaddition reaction of the above heterocycles with DMAD can
lead to a variety of a.ducts with structures differing in the
degree of complexity and incorporating 1 to 4 moles of DMAD with
or without loss of the elements of a molecule of methanol. The
extensive researches of Acheson and coworkers over the past two
decades have greatly helped in unravelling some of the complex
structures of these adducts and as a result mainly of their work,
it is now possible to predict with a fair degreec of confidence
the structurcs of such adducts from the UV, IR, 1q NMR spectra
together with the mass spectral fragmentation pattern. Besides,
certain generalizations are now possible as to the mode of
behaviour in adduct formation of these hetero cycles.
‘ Based on the number of moles of DMAD incorporated the
cycloadducts can be broadly classified as 2:1, 1:1, 1:2, 1:3 and

1:4 molar adducts.



2:1 Adducts

Huisgen and Herbig (1) and thereafter Nair (2) reported
that when DMAD is reacted with excess of 3,4-dihydroisoquinoline
derivatives, the corresponding pyrimido[ﬁ,l-a: 4,31§7diisoquinoline
derivatives 1 are formed. The reaction possibly proceeds by
1,4 dipolar cycloaddition of the initially formed l:1 adduct la

with the imine component present in excess.
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A very small percentage of 2:1 molar adduct, yet
unidentified, has been isolated from the reaction of indole with
DMAD (3).
l:1l Adducts
These adducts can be classified into two types: one
formed by simple Diels-Alder reactions of the heterocycles with
DMAD and the second covering the rest.
_A: Diels plder type of 1:1 Adducts

A small number of pyrrolesuncergo 2,5 cycloaddition
reactions with DMAD in Diels Alder fashion to yield the
respective 1:1 adducts 2; these spontaneously or thermally lose

a molecule of acetylene to form carboxylated pyrrolederivatives
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The reacéI;n of 2-pyridone 4a wiég DMAD gives the Diels
Alder adduct 5a in minor proportions while l-methyl-z-pyridone
4b with DMAD mainly produces the corresponding Diels Alder
adduct 5b(5). Oxazole derivatives also give Diels Alder adducts
with DMAD (5a).

B:l:1l adducts - Other than Diels Alder type

Enaninic heterocyclic bases like 1,2-dihydropyrazines
6 (6), 1,4-dihydropyridines 7 (7), l,4-dihydroquinolines 8 (8)
etc. cycloadd with DMAD in 2 + 2 fashion to give 1l:1 adducts
9, 10 and 11 respectively, containing the fused cyclobutene

ring systen.
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Indolizine 12_ (9) combines with DMAD in presence of
palladiun-charcoal to produce dinmethyl cycl /3.2.27azine-1,2-

dicarboxylate 13 along with small amounts of the corresponding

3y4-dihydro derivative 14.
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Cyclic thioureas like imidazolidinethione 15 (10),
3-nercapto-5-phenyl-1,2,4-triazclelg (11) have been reported to

~



rencet with DMAD to fornm fused dihycdrothiazinone ring systens 17

and 18 respectively with the loss of the elenents of methanol.
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However, based on the spectral data and reccent revision

<o

ol the structures of addition products formed from thiourcas and
LUAD by X-ray crystallography (12), these dihydrothiazinone
structures 17 and 18 need to be revised to thiazolinone

structures 19 and 20 respectively.
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l: 2 Adducts
In general, the simple 1:2 cyclo-adducts 22 of DMAD with
heterocyclic bases containing the noiety -N = CH- and without any
alkyl substituent on «-carbon atons are formed by 1,4 cyclo-
addition of DMAD to the 1,4 dipole 21 which is formed by the
initial rcaction of 1 mole of DMAD with heterocyclic base.
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But this sinplc 1l:2 cycloacdduct 22, in 2 vast nunbcr
of cases is found to be unstable cr "labile" and so along with
this, sonc othcr iscuners, obtainable by rearrangcnent of 22,
arc isolnted from the reaction nixturcs. The sinple 1:2
"labile" ad.ucts 22 can undergo a ZI,§7sigmatropic hydrogen
shift and thus rearrange into the corresponding 1:2 "stable"
adducts 23 (13,14,15),

Detailed study of 1y nMR spectra of these adducts hos
now nade it possible tc distinguish between "labile" and
"stablc" adducts based on the chenical shift values of the
bridgehead proton or 4-H proton. The bridgehead proton in
"labile" ~dducts c¢xhibits a sharp singlct at ca. 65.0 whilc the
4-H proton in "stable" adducts is shown as a singlect ot
cn. 66.0 (26).

Pyridine nnd substituted pyricdines 1lncking in
«-alkyl substituents yield "loabile" 1:2 ~dducts with a
91 H-quinolizine structurc 24 which rcarronge to a "stable"
4H=-quinolizine structure %E_ vin  facile [I,§7sigmwtropic
hyCrogen shift (13). For pyricine itself thc "labile"
acduct 24 (R} = Rg.= H) is difficult to isclate, but with
B-picoline and 3,5-dincthyl-pyricdiné, the corresponding
"labile" adducts 24 [ﬁl = CHgy Ry = H and Ry = Rp = CHg
respectively/ hnve been isolated (14,15),
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an unusual 1:2 adduct 26, "Kashinoto's Compound", is
formed as a nminor procuct of the renction between DM.AD and
pyricine with loss of clenents of ncthanolja horolog is
obtained from B-picoline (15).

When the reaction of pyridine or B-picoline with DM.D
is carried out in nmethanol, the corresponding incolizinc
cerivative 27 Lﬁl = Rg = H/ and the nethoxy n.thyl indolizine

deriv- tives 28 have been isol-~ted fron the rcaction nixture (16).
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Quinoline, isoquinoline ~nd their substituted
Cerivatives 2lso give both 'labile! nnd 'stable! type of adducts.
The 'labile' a duct 29 from quinolinc easily isomcrizes to the
'stable! adcuct 30, but with isoquinoline, the 'labile' acduct
gi is ruch less readily iéom;riz;g, boiling xylenc or sulfuric.

acetic acid treatnent being requiied to convert it to gg_(l?,lB).
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Conpound EZ [fhl «-Rg = o-C6H4_7 has been isolated
from the recaction of DMAD with isoquinoline using ncthanol
ns a solvent (19).

Rinction of phenanthridine with DMAD yiclds the

usual 1:2 "labile" adduct 33 along with ninor quantities of

~an unusual 1l:2 ndcduct 34 (20).
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l-Methyl-pyrrolc -nd DM.D interact at 0° to give a

1:2 adduct 36, possibly forned by addition of the ester acrcss

the 2,7 positions of the Diels ilcer adduct 35 (not isolated)
forned initially (21).
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Indole, on standing with DMAD for 74 deys gives a good
yield of carbazole 37, which is expected to be formed by

dehydrogenation of the 1:2 'labile' accuct (3).

H & | £
k E | 3
) 2 = (U
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37

Five membered heterocycles with two heteroatoms such as
thiazole, oxazole, imidazole and their fused benzo
derivatives give both 'labile! and 'stable’ type of 1:2 adducts.
Ihe labile adducts 38 /X = 8, NR!/from thiazole and imidazole
uerivatives besides isomerising to the corresponding !stable!
adducts 39 42 = S, NRL7, can rearrange to compounds of the

type 40 /X = s, NR!/.
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Conpounc 29 can be forned fron §§ by a rearrangenent
procceding via a concerted [I,§7suprnfncial signatropic shift
which night be thernmally allowed for an aton with non bonded
¢lectrons or an alternative non-concerted pathway via the
zuitterion 4l. In effect, it involves clecavage of the X-carbon
bond in the original labile adduct and rcformntioﬁ of a necw
{-carbon bond on the othcer earbon ~djacent to nitrogen and
carrying an ester group.

The 2,4-dincthykthiczole adduct 42 is the only 'labilc!
type of adcduct isol~ted so far for this hetecrocycle (22,23).

c E

| J E B SRy

H 5( N N~ F
E H

p= | +3

Thiazole (23,24)7its 2-nethyl (23), 4-ncthyl (23,24),

S-ncthyl (22) and 2,5-dincthyl (22) derivatives rcact with DM.D
to give the rearrnnged adducts of the type 40. Benzothiazole
furnishes as nmajor product, the rearranged adduct 43 with DM.D
in abscnce of solvent or in acetonitrile, dinmethyl formanice
[DMF_7 or toluene (22,24).

1,2-Dincthyl-inidazole rcncts with DMAD to give the 1:2
acduct 44 (25). 1l-Methyl-benzinicazole Qith DMiD, on the other
hand, gives a 'recd' rearrangedl:2 adduct having structure

45(26)., The olefinic proton in the 15 wur spectra of adcucts



11

40 (R = H), 43 ~nd 45 (9H) appear ~s a singlct around § 8,50,

which is quite characteristic of their structurces (22).

€ cuy SHz [ E
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14 45 463 x=5
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The stable type of adducts with these hetcrocycles is
represented by structures 46, 47 ~nd 48 (22) for benzothiazole,
bénzoxazole and l-nethyl-benzinidazole respectively, the formation
of which involves a [T,5;7 signmatropic hydrogen shift as in the
case of quinolizines 25, 30 anc 32, In such adducts, the 9H
proton app:zars characteristically at 6 6.2 - 6.4,

Heterocycles containing the grouping -N = C(R) -

[R = CHgy or =CHg-_/with an nctive 2-nlkyl substituent give
with DMiD,1:2 adducts of norc complex structurcs, besides the
ahove type of addﬁcts._ These conplex adducts fall mainly into
3 categories. Thus, 2-nethylquinoline and its derivotives give
two types of adducts represented by the tetrohydrocyclobuta-
pyrrole structures 49 and 50 which werc finally settled by

X-ray crystallography and confirned by 130 NMR spectroscopy (27).
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The formaticn of 49 and 50 involves compleX
rcarrangenents of the initially formed adducts since l3C traccr
studies have indicated that the original 2-nethyl substituent
of quinoline ends up as a Cg = CH2- group in the final
product (28). The mechanisn is still unknown. The H NMR
spcetra of these type of adducts show either an: ABC systen or
an ..B system with one low field proton. aidducts of the type
49 and 50 can be distinguished on the basis of their 1H NMR
speetra; 1-H and 9-¢ster ncthyl signals in adducts - of the
type 49 appcar at high field wherces in adducts of the type
20 the corresponding protons appenr in the normal ranges (29).
The mass spectral fragmentation pattern of thcse adducts is
highly characteristic since they both lose the clements of
nethyl acrylate or its equiveslent to give an intense MY - 86
ion peak (27,30).

The third type of acduct from heterocycles possessing
activated methyl or methylenc groups at «-positions is a
¢ihydroazepine derivative represented by 51 for 2E%e£hyl-
thiazole (24). The YH NMR spectra of this type of adducts

q
are quitc characteristic, the enaminic olefinic §-H proton



k3 . N 6
Appenring as a singlet at cn. 65.20 and the QH, ¥OH protons
showing up as an AB quart.t arounc¢ 6§ 5.40 - 6.00 with J = 6 Hz,
The nechanisn of fornation of 51 is outlined in

Sg —>04—>381.

LI@”“ - Q/

51

Thus based on the lH NMR spectra and nass spectral

fragnentation pattern, it is now possible to define precisely
the correct structures for complex 1:2 adducts. The adducts
containing 2 tetrahycrocyclobutapyrrcle ring systen lose nethyl
acrylate or an equivalent fragnent in the nass spectroncter
ﬂnd_lH NMR spectrun showseither an .BC systen or an .B systen
with onc low ficld proton. However, the dihydroazepine type
of adcducts lose primarily the ester groups in the nass spectroe
neter an¢ show a low field 4B system with 2 high field singlct
for the cnaninic proton in the 15 mur spectra,

8ix nembered hetcrocycles containing two heteroatons
like pyridazine, pyrinidine, pyrazine and their fused benzo
derivatives with DMAD give different type of 1:2 adducts
Ciscussed above,

Pyridazine reacts with DM..D to produce the 'stablc!
acduct Q5 while 'labile' adducts 56 arc obtainable from



3-ncthyl and 3,6-dimethyl-pyridazine (31). The najor product
isolated from the reaction of 3,6-.incthyl-pyridazine with
DMaD is dihy crom cpime adduct 57 (31); however repetition of
the reaction gave only tetrahydrocyclobutapyrrole type of

adducts (27).

F H.C E
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l-Methylphthalazine gives only thc 'labile! adduct 58
with DMiD (3l). 2-Methylkquinox~line gives with DMAD both the
stereoisoncrs oflgg whilc with 2,3-dinethykquinoxaline only
60 has been isolated(d2). Sinmilarly 2,4,6-trinethyl-
pyrimidine gives 61 with DMAD (33).

C
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1:3 2nd 1l:4 _dCucts

2-Mcthyl substituted quinolinzs nre known to give recad

1:3 adducts with DM.D (34). The re¢d 1:3 accuct fron 2,8-dincthyl-

quincline anc¢ DM.AD has been shown to be 62 (35) by X-ray

crystallogrnphy,
| N E E
N E \ E \ Xy E
=y E E -E £ E
. \\“‘ E“‘ ko E
Ews : E E E
s= 62 64

Conpounds 63 ~nd 64 src forne¢ in the reaction of
quinclinc with DIL.D by 1:3 and l:4 addition of the ester with
the loss of elcncnts of nethanol (27). 2,3,5,6-Tctrancthyl-
pyrazine (33) 2nd 2,3-dinecthyl-quinoxnline (32) also give 1:3

acsucts with DM.ID with proposcd structurcs of eith:r @5 or 66.

E
E E
R,_ ~-E
Rl
o ~E




PRESENT WORK



16

Because of the variety of adducts obtained in the
various cycloadaition reactions of a large number of hetero-
cycles with different dienophiles or dipolarophiles like DMAD,
phenyl isocyanate, phenyl isothiocyanate and their wmixtures,
it was felt that a study of the cycloaddition reactions of
above dienophiles with symmetrical triheterocate;ic .azoles such
as 1,3,4-oxadiazoles, 1,3,4 thiadiazoles and 1,2,4<triazoles
67 /X = 0, S, NMe resp./could be quite rewarding.

N—™N N—™N
R,’u‘x/n\Rz R ’u\O’lL“R
68: R=C0O,CHs

67
—_ 69: R= P}
It is expected thet the basicity of the nitrogen atoms

would be least in oxadiazoles and maximum in triazoles among
these heterocycles. The groups (Ryy Ry) at the «-positions of
X in 67 also have significant effect on the nuclophilicity of
nitrogens. Thus, due to the elcsctrophilicity of carbethoxy

and phenyl group§ both 2,5-dicarbethoxy-l,3,4-oxadiazole 68

and 2,5-diphenyl-1,3,4-oxadiazole 69 (86) did not react with
DilAD even at 2000, the starting materials being recovered back.
from the r-action mixtures, Compound 68 was prepared by cyclo-
dehydration of diethyl hydrazina dioxalate ZQ with P205/POCI3
nixture (37); @ompound 70 was prepared by the action of ethyl
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oxalyl chloride on ethyl hydrazino oxalate 71 (38).

o=C ~ c,o]_c,z_,.,_,) EZ;ZH; N HN—NH
NH N, Hsg,_o,_c Ao 07 "oy G Hg
7 70
-Hlojfho5/Pocg

N —N
|
. 6—8 .

Rewaction of 2-phenyl-l,3,4-oxadiazole and 2-phenyl-1,3,4-

thiadiazole with DMAD

In order to permit one of the nitrogens to be sufficiently
nucleophilic to react with DMAD, the 5-unsubstituted 1,3,4-oxa-
diazole and 1,3,4-thiadiazole derivatives viz. 2-phenyl-l,3,4-
oxadiazole 72 (39) and 2-phenyl-l,3,4-thiadiazole 73 (40) were
selected for the reaction.

The reaction of 72 with 2 moles of DMAD neat at 140°
for 3 hr. gave. pyridino (2,1-b) 1,3,4-oxadiazole derivative 74,
mep. 192°, in 50% yield. It showed M* ion at 430 and IR
carbonyl bands at 1700 and 1745 cn-l for «,B-unsaturated and
saturated ester carbonyls respectively. In the 1H NMR spectrum,
apart from four ester methyls at 63.80, 3.86 and 4.0 and aromatic
protons at 6 7.33- 8.0, it showed a 1H singlet at § 6.20,
indicating the "stable" l:2 adduct structure 74, and not the

"labile" structure 75 for the compound.

54T T (4
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C H
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Similarly with 73 and DMAD under the same conditions, the
yellow orange adduct Z@,m.p. 196°, was formed in 25% yield. It
gave M* lon at 446 and IR bands at 1710, 1735 and 1750 cn™! for
the ester carbonyl groups. The lH NMR spectrum was very similar
to that of 74 showing the e¢ster nethyls at § 3.76, 3.86 and 3.96,
aromatic protons at 6 7.4 - 7.9 and nost significantly the 1lH
singlet at 6 6.50, thus again favouring the "stable" adduct
structure 76, It is significant toc note that with 73 no
rearranged product involving sulfur-carbon bond cleavage
corresponding to the thiazole adducts 40 could be isolated.

The mass spectra of 74 and 76 are quite characteristic
of their "stable" structures. Both 74 and 76, in their mass
spectra showed loss of only one estcr carbomethoxy group giving
intense fragment ion peak at M* -59 while no further stepwise
elimination of other esters was observed. This distinguilshed one
ester groups to be different | from others. The ester group lost

nust be the one attached to a sp3 carbone
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attempted reactions of 72 and 73 with phenyl isocyanate and

phenyl isothiocyanate

Compounds 72 and 73 did not rcact with both phenyl
isocyanate and phenyl isothiocyanate even 2t 140o for 5 hr, the

starting meterials being recovered from the recaction mixtures.

R.action of 2-methyl «5-phenyl-l,3,4-oxadiazole and 2-methyl-~~

S5-phenyl=l,3,4-thiadiazole with DMAD

The reactions of 1,3,4-oxadiazole and 1,3,4-thiadiazole
derivatives containing an activated methyl group at 2-position were
carried out.

2-Methyl-5-phenyl-l,3,4-oxadiazole 78 (41) with DMAD at
100° gave a nixture of products from which an orange adduct,

MePoe 1340, could be isolated by column chromatography as a minor
product. In the mass spectrum, it gave M* ion at 444, indicating a
1:2 cycloadduct.  The IR spectrum showed carbonyl bands at 1700,
1740 and 1750 cm™! for the ester groups. The LH NMR spectrunm

showed, besides the aromatic protons at 6§ 7.3 - 8.1 and ester
nethyls at 6 3.66, 3.73, 3.80 and 3.86, a 1lH singlet at §4.90 and an
4B guartet at € 5.36 and § 5.83 (J = 5 Hz). Thus, the presence of a
high field 1H singlet with low field AB quartet indicated that the
adduct has a dihydroazepine type structure 79, and not tetrahydro-
cyclcbutapyrrole type structure. This is supported by the mass
spectral fragmentation pattern which showed only loss of ester

groups with no M* -86 peake
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However, the nmajor product of the recaction was a
nixture of "red'" adducts which could not be separated by
chronatography or crystallization. The mass spectrum of this

nixture indicated the presence of 133 nolar adductse.

E
NN DmAD N—N E
N W &

Ph CHy P N0 N
£

H

78 74

Under the szme conditions, 2-methyl -5-phenyl-1l,3,4-
thiadiazole 8Q (42) with DMAD gave a complex reaction mixture,
vhich could be separated, by extensive chrom”tography, into a
yellow adduct, m.p. 161° and an orange adduct_r.p. oy haf

The yellow adduct, in the mass spectrum showed M ion
at 460 indicating a 1:2 adduct. The IR spectrum showed ester
carbonyl bands at 1685 and 1735 cm-l. ly wuR spectrum consisted
of aromatic signals at 6 7.4 - 8,0, ester methyls at 6 3.80,
3.86 and 3.96 and a 3H singlet at 6 3.0 for the methyl groups
The chemical shift value of the hethyl singlet at 63.0 demands
the structure 81 for the yellow adcduct and not the "labile"
structure 82 as the latter would have been expected to exhibit

the methyl singlet at ca.6 l.4 (22,23).
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Adduct 81 could be formed from 82 by a 1,5 suprafacial

sigmatropic shift or via the zwitterionic intermediate 83.

— ? e L
Ph o~ )»/\} E
22 1_wmd sl |
(&)
J CHs v
B 83

—

The orange adduet having mepe. 171% showed in the mass
spectrum M* ion at 460, again incdicating another 1l:2 adduct. The
cster carbonyl groups appcared at 1680, 1720 and 1750 cm‘l, in the
IR spectrum. The 1y MR spectrun showed aromotic protons at
5 744 = 7.86, ester nethyls at 6 3.70, 3.76, 3.83 and 3.90, a
1H singlet at 6 5.13 and an AB guartet at 65.43 and §6.13
(J = 6 Hz)., Thus a high field 1H singlet with low field AB quartet,
sinilar to 79, suggests the dihydroazepine structure 84 for this
adduct. This is in accordance with its mass spcctrun, which
showed only loss of ester groups and no M* - 86 peak,

When the reaction of 78 with DMAD was carried out in DMF

as solvent at ambient temperatures, no definite product could bc
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isolated from their highly complex reaction mixturc. The reaction
of 80 with DMAD in DMF at room temperature for 5 days, on the
other hand, afforded by extensive chron~tography, 8l, 84 and
another orange adduct, n.p. 72°, This compounc. had very

sinilar spectral chracteristics to those of 84. M* ion at 460

in the mass spectrum indicoted a 1:2 adduct. The IR spectrun
showed e¢ster carbonyls at 1690, 1730 and 1750 en~1, The H MMR
specetrun showed aromatic protons at 6 7.33 - 7.86, ester methyls
at & 3.66, 3.73 and 3.76, a 1lH singlet at 65.03 and 4B quartet

at 65.30 and §6.03(J = 6 Hz), inclining for the dihydroazepine
structure, The nmass spectrum also consistecd only of cster losses
with no M=-86 peak. 4)1 this spcctral data for this adduct
incicates that it must have the sonec gross structure as 84 but
isomeric with it (cis/trans).

sttenpied reactions of phenyl isocyanctc and phenyl isothio-

cyanate with_78 and 8Q

Both 78 and 80 did not rcact with phenyl isocyanate and
phenyl isothiocyanate even at at 140° for 8 hr. Compounds
-85 (43) anad 86 (44) were obtaincd from the reaction mixtures of
78 and 80 with %&ﬁ%;gg and 86 could be formed by hydrolytic
dccarboxylation of phenyl isocyanate to anilinc and its further

recaction with excess of phenyl isocyanate.
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Ph-N=c¢=¢o H20 -CO,
O Y PL\-NHco,_H — Ph-NH,

lPh-N=C:O
Ph HN
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Reaction of and with mixed dipolarophiles

In analogy with isoquinoline, which on treatment with
DMAD and excess of phenyl isocyanate produces a l:1:1 adduct 87
(45), the reactions of 72 and 73 with a mixture of DMAD and

excess phenyl isocyanate were carried out.

N

H | E
P “E
87 ©

Heating 1:2:3 molar mixture of 72, DMAD and phenyl iso-

cyanate at 140° for 3 hr furnished a colourless adduct, m.p.208%
It showed M* ion at 549 in the mass spectrum, thus indicating a
novel 1:2:1 molar adduct. Its IR showed carbonyl bands at 1690 -
1770 cm‘l., The 1y NMR spectrum exhibited 10 aromatic protons

at 6§ 7.36 = 7.56 and 7.86 - 8.1V, the four ester methyl singlets

at 6 3.76, 3.86, 3.96 and 4.03 and a 1lH singlet at § 5.1, The
chenical shift value of the 1H singlet at 6 5.1 indicated the
presence of a2 bridgehead = protone The mass spectrum showed initial
loss of one carbomethoxy group followed by a loss of PhNCQ[Ilg7

fragment, possibly by a 2 + 2 cycloreversion process.
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Based on these spectral data, a tentative structure 88

has been assigned to this novel adduct.

Ph Ph
' (
E /Mo E R
E HENUN - i
o
88: X=0 89
Qe+ X=5 o

A similar reaction of 73 with DMAD and phenyl isocyanate
in 1:2:3 molar ratio at 140° for 3 hr. gave a very complex
nixture, from which, by repeated chromatography, an adduct,
MePo 1870, could be isolated. Elemental analyses and lH NMR
spectrum designated the compound as a 1l:2:2 molar adduct. It
showed IX bands at 1685-1760 ecm™% for carboxyl groups. The
lH NMR spzctrum showed 15 aromatic protons at 6§ 7.8 - 8.3Gfor
3 phenyl rings, four ester methyls at & 3.93, 4.06, 4.13 and 4.20
and a 1H singlet at 6 5.33., However, jin the mass spectrometer,
it did not show M+ ion (684) corresnonding to l:2:2 adduct but
only M119 (M*- PhNCO) ion at 565 corresponding to the l:2:1
adduct and a further fragmentation pattern very similar to sthat
of 88. It thus appears that this 1:2:2 adduct rapidly loses the
elements of PhNCO in the mass spectrometer by a cycloreversion
process to give the 1l:2:1 adduct 90.

Structure 89 has been tentatively assigned for this

1:2:2 adduct.
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Further confirmation of structures 88 and
130 NMR spectroscopy is solicited.
The mechanisn of formation of the adducts

written as follows:e

—)

89, especially by

88 and 89 can be
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Phenyl isocyanate reacts in 2 +2 foshion with the
clectron rich double bond of the 1l,4-dipole 91 f -~ed by
the initial reaction of DMAD with 72 or 73 t- give the
zwitterionic 1:1:1 acduct 923 92 is further attacked by a
nolecule of DMAD to produce another 1:6 dipolar 1:2:1 adduct
93. This, in case of the oxadiazole derivative, cyclizes
to 88. In case of the thiadiazole derivative, phenyl
isocyanate cycloadds in a 2 + 2 node to the elcetron rich
double bond of 93 to produce another 1:6 dipolar 1:2:2 adduct

94 which finally cyclizes to 89.

Rcaction of 4-Methyl-3-Phenyl-l1,2,4+trinzole with DMAD

Reaction of 4-nethyl-3-phenyl=l,2,4-triazole 95
(46) with DMAD even at B gave intractable tars fron
which no adducts could be isolatcd. However, the cyclic

o
trimer of DMAD, mellitic acid hexanethyl ester 96, n.p. 186

NN
.Sq-J

Pp\/mrzl
'CHS

C’

e



E
E E
E €
E
¢

Reaction of 95 with phenyl isocyanate

Reaction of 95 with phenyl isocyanate either at 100°© for
1 hr, or at room temperature for 10 hr. gave in 90% yield, a
solid product, m.p. 220°. Its elemental analyses E, H and N/
as well as M* ion at 278 in the mass spectrum identified the
conpound to be a l:1l adduct. Its IR showed bancds at 1600 and
1670 en™t. 1In analogy to the structure of 1l:1 adducts of
inidazoles 98 (48) and pyrroles9§ (49) with phenyl isocyanate,

structure 9% has been tentatively assigned to it.

N PhnNco | NN
Pt.)L'f) / Pn” ,‘\,)l CONH F),
CHB CH3
(1_5; 97
z =N
L M o
N7 ConHpy, T
R Ph=N__N- py,
1
8. z= N .
|
A9 cz=ep =2



Unfortunately, the lH NMR spectrum of 97 could not be
taken due to its high insolubility in most of the solvents.

Significantly, no 1:2 nolsr accuct is formed in this
reaction cven with cxcess of phenyl isocyanate. Huisgen and
coworkers (50) have isolated 1:2 molar adduets such as 100 fron
isoquinoline and phenyl isocyanate.

geaction of ¥-Mercapto-S-phenyl=l,2,4-triazole with DMAD

Recently Srinivasan and Upadhyaya (11) reported the
reaction of B-mercaptor-Siphenyl-l,2,4-triazole_19}_(51) with
DMAD in refluxing methanol containing a trace of acetic acic
to produce a l:! cycloadduct, m.p. 1960, to which structure 102
was proposed. It is reported to give M* ion at 287, IR bands at

1710 and 1750 em=t. TIts *

H NﬂR in TFA is reported to exhibit a
3H singlet at 63.85 for the ester nethyl groupy 2 1lH singlet for
the olefinic proton at 676 and signals at §7.3 - 8,13 for

5 aronmstic protons.

When this reaction was cerried out in methanol containing
few drops of hydrochloric acid at room temperatur: for 24 hours,
a solid product, n.p. 197° was obtained. It gave M¥ ion at 287
indicating a 131 adduct with loss of elements of methanol. The
IR spectrum showed carbonyl band at 1720 cm'l, The lH NMR

spectrum exhibited aromatic protons at 67.50 - 7.73 (3H) and

8.0 to 8.20 (2H), a 3H methyl singlet at 6 4.2 and a downfield



olefinic proton singlet at §7.90,

(o]
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In analogy to the rccent revision in the structures of
acdition procducts of DMAD with thiourcea derivatives from dihydro-
thiazinone to thiazolinone structures (12), the DMAD adducts of
101 should also have the structures 103 or 104 , considering 101
as & cyclic thiourca. Structures jfﬁz_look nore probable as two
értho protons of the phenyl group appeared deshielded (6840 - 8.25"
in the 1y NMR spectrum suggesting the presence of an electron
withdrawing group adjacent to Ng. The adduct, m.p. 196° (ll),should
be 103a, the cis-isomer, as the ester methyl is shielded (6 3.85)
by the carbonyl group or the aromatic rings; the other adduct,
nepe. 197°, exhibiting methyl singlet at § 4.20 should be 103b,

the trans isomer. This needs further confirmation by 130 NMR

spectroscopy and X-ray crystallography.
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Preparation of diethyl hydrazino dioxalate 70

To a cooled solution (0°) of e¢thyl hydrazino oxalate 71
(45 g; 0.34 M) in 250 nl chloroforn was slowly added with
stirring cthyl oxalyl chloride (46.25 g; 0.34 M) naintaining
the temperature below 5° throughout the addition. The reaction
nixture was then stirred at 5-10° for 2 hr. and roon tenperature
for 1 hr. It was then filtecred. The filtratc was concentrated
and ether was added when needles of diethyl hydrazino dioxalate 70
separated out (26 g; 33%).

nep.: 1259 /Tit, 125-6° (38)7 |
Preparation of 2,5-dicarbethoxy-1l,3,4-oxadiazole 68

Conpound 70 (22 g; 0.095 M) was taken in 150 nl xylenc and
to this 50 g phosphorus pentoxide and 50 g phosphorus oxychlorice
were added. The rcaction nixture was then refluxed for 5 hr.
ifter cocling, the liquid wes decanted and the resicual nass was
extracted thrice with 50 nl hot xylenc. All the Xylene extracts
were niXed anu washed several timeswith 10% sodiun bicarbonate
sclution and then with water. It was then dried and xylene was
G¢istilled under reduced pressure. The residuc was chronatographed
over silica gel (80 g) when 68 was obtained fron pete.ether +
benzene (l:1l) fraction.

Yield: 10 g (49%). n.p. 54°
Elencntal analysess found,C: 44.624; H: 4.50%; N: 13.33%.

CgHlygNo05 requires, C: 44.86%; H: 4.67%;

N: 13.08%.
nujol

IR(vmax )s 1745 (ester carbonyl).
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Ly iR (6CL,)s 1.53 (t, J
4.5 (qy J

[1I]

7 Hz, 6H, methyl);

Wt ion: 214, 7 Hz, 4Hymethylene).

sttempted reaction of 68 with DMiD

4 nixture of 68 (0.214 g; 0.001 M) and Di..D (0.284 g;
0.002 M) was heated in an oil bath at 200° for 10 hr. under
nitrogen atmosphere. Chromatography (silica gel; 1:20) of the
nixture gave (0.265 g; 93%) DMAD (pet.cther) and the starting
~coupound 68 (0.2 g3 93%) [Benzenc +peteether (1:1)7.
attempted reaction of 69 with DM.AD

A nixture of 69 (0.444 g; 0,002 M) and DMAD (0.568 g;
0.004 M) was heated in an oil bath at 200° for 10 hr. under the
atmosphere of nitrogen. The dark reaction nixture was then
chronatographed over silica gel (1:15). Elution with pet.ether
gave DMAD (0.54 g; 95%) while the starting compound 69 was
obtained from pete.ether + chlorofornm (l:4) fraction (0.405 g; 91%).
Reaction of 2-phenyl-l,3,4-oxadiazole 72 with DM.D

4 nixturce of 72 (1.46 g; 0,01 1) and DMAD (2.84 g3 0.02 i)
was hcated in an oil bath at 160° for 3 hr. Thc dark coloured
‘0il was then chrohatographed over silica gel (1:20). Elution
with pet.ether gave some unreacted DMAD (0.1 g3 3.5%) while
fron the benzene + chloroforn (134) fraction the 1:2 adduct 74
was obtained as an oil (2.15 g; 50%). It was difficultly
crystallized from benzene + pet.ethcer nixture or from ether into
yellow needles (0.86 g3 20%) n.pe: 192°.

Compoung;zg

flemcntal analyses: Found, C: 55.53j%; H: 4.3%; N: 6.21%.

Co0H1gNo0Og requires,C: 55.817%; H: 4.18%;
N: 6.51%0
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IR(l)n“jOI\ : 1700 and 1745 (cstzr carbonyls); 1640 (C = N).
nax 7/

1y avR (CDClgz): 3.80, 3.86 and 4.0 (threce g, 12H, ester nethyls)s
6.2 (¢, 1H, C5-H); 7.33- 8.0 (n, 5H, aronatic).
Mass: 430 (M* ion).

Rsaction of 2-phenyl-l,3,4-thiadiazole 73 with DMAD

A nixture of 73 (1.62 g; 0,01 M) and DMiD (2.84 gj; 0.02 k)
was heated in an oil bath at 170° fer 3 hr. The rcsulting tar
was then chromatographed over silica gel (1:20). Elution with
pet.ether gave son¢ unreacted DMaD (0.14 g; 5%) while the 1:2
adduct 7@ was obtained by the evaporation of the chlorofcria +
benzene (l:3)fraction. The conpound was crystallized fron
pet.ether + benzene (l.1 g; 25%) imto a yellow orange solid,
1.pe196°.

Conpound 76: Foundy Cs 53.88%; H: 3.81%; N: 5.983.
CooH; gllo0g8 requires, C: 53.81l%; H: 4.03%;

N: 6.28%.
ujol
R (T8 1710, 1735 and 1750 (ester carbonyls).
14 NMR (cDClg) : '3.76, 3.86 anc 3.96 (three s, 12H; nethyl protons),
6.5 (s, 1H, C5-H); 7.4 - 7.9 (n, S5H,aronatic).
Mass : 446 (M¥ ion).

sttenpted reaction of 72 and 73 with phenyl isocyanete and

phenyl isothiocyagnate
Conpound 72 (0.146 g; 0.001 M) was heated with cxcess

(5 ml) of phenyl isocyanate/isothiocyanzte at 140° for 5 hr. under
nitrogen atmospheres TLC of the reaction mixture indicated

no rcaction. The reaction mixturc was then passed through
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silica gel colunn (1:15)., BElution with pet.ethcr gave the
unrcacted phenyl isocyanate/isothiocyanatc while the conpound 72
canie in chloroforn + benzene (1:10) (0.13 g 394).

The rcaction nixture obtained by heating 73 (0.162 g;
0,001 M) and c¢xcess (5 nl) of phenyl isocyanatgﬁ
isothiocyanate to 140° for 5 hr. also indicated no rcaction (TLC).
The rcactants were separated by column chronntography (silice gel,

1:20; pet.ether and chloroforn + benzenc, 1:5); 0.15 g (92.554) of

fes

was recovered,

R.action of Z2-npethyl-5-phenyl-1,3,4-oxadiazole 78 with DMAD

(2) Neat

A nixture of conmpound 78 (0.8 g3 0,005 M) ~nd DM4D
(L.32 g3 0,01 M) was hcated on water bath for 4 hr. Initial
colourless solution turned deep red after hceting for 30 nminutcs.
The reaction nixture, ~fter 4 hr. of hcating, was passed through a
silica gel colunn (1:30). Elution with benzene gave unreacted
OiaD (0.07 g; 5%). Benzene + 8% cthyl acetate fraoction gave
the 1:2 adcduct 79 which was crystallized into yellow needles with
.ether (0.05 g3 2.25%). Evanoration of benzene + ethyl acetate
(4:1) fraction gave the starting compound 78 (0.05 g; 6.254) while
a2 deep red colourcd solid (0.4 g) was obtained by elution with
benzene + cthyl acetate (l:1).  However, the red solid was
found to be a nixture (m.p. 50-80°) which could not be separated
cither by crystallization or by chromatography.
Conpound 79: nm.p. 134°.

ilenental analyses: Found, C: 56.92%; H:4.52%; N:6.474.

Co1HooNoOg requires C:56.75%; H:4.5%; N:6.31%.
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lg/vniiOl): 1700, 1740, 1750 (cstcr carbonyls).
“max

8 WMR (CDC1g): 3.66, 3.73, 3.80, 3.86 (four &, 12H, ncthyl protors;
4.9 (s, 1H, olcfinic); 5.36 and 5.83 (LB quartet,
J =5 Hz; 2H, 2-protons on Cg-Cgl; 7.3 = 8.1
{n, S5H, aromatic).

Mass: 444 (M* ion).

(b) In DMF

The compound 78 (0.4 g; 0.0025 M) and DM4D (0.71 g; 0.005 1)
were dissolved in DMF (5 nl) and kept at room tenperaturec. The
initial colourless solution becane dark red zfter one nonth. TLC
ronitoring indicated a slow rcaction producing a highly cowmplex
pixture of products. However, after evaporation of DMF under high
vacuunt followed by chromstography over silica gel, no definite
product could be isolated in purc forn from the resulting tar.

Rcaction of 2-methyl-5-phenyl-1l,3,4-thiadiazole 80 with DM.LD

(+) Neat

4 nixture of conpound 80 (0.88 g3 0.005 M) and DMAD
(1.42 g; 0.,01LM) was hcated on a weter bath for 3 hr. Originally
colourless mixtureAturned rcdcéish tlack after 3 hr. The highly
conplex reaction nixture (TLC) was then passed through a silica
gel colunn (1:30). Elution was carricd out with benzene * ethyl
acctate (9:1) (500 ml), HRvaporation of this fraction gave a
ycllowish orange nixture (0.5 g). This was rechromnatographed
over silica gel (1:20) with pet.cther + benzene (1:9) as cluent
an¢ 10 nl fractions were collected. Initial fractions gave the
yellow compound 81 (0.15 g; 6.5%’ while the latter froctions gave
the orange l:2 adduct 84 n.p. 171° (0.075 L85 3.25%) .



Conpound 8l: n.p. 161° (ether + few drops of pet.cther),

slenental analyses: Found,Cs 54.S2,; H:4.34%; N:5.96%.
Co1HooN20gS recuires,C: 54.78% ;
Hs 4.34%; N: 6.09%.

la(viinl): 1685, 1735 (carbonyl).

lH NMR (CD013)3.0 (s, 3H, nethyl cn Sp2 carbon); 3.80, 3.86
3.96. (three S, 12H, cster nethyls); 7.40 - 8.0
(ny S5H, aromatic).

Mass: 460 (MY ion).

Conpound 84 : n,p. 171° (ether).

Elcaental asnalysessFound , C: 54.61%; He 4.19%; N: 6.13%.,

Cle20N208S requires,Cs 54.784; H:4.34%;
N: 6.09%.

13(L9u301): 1680, 1720, 1750 (cster carbonyl).
nax

1i WMR (CDClg): 3.70, 3.76, 3.83, 3.9 (four &, 12H, cster

nethyls); 5.13 (s, 1H, olcfinic); 5.43 and 6.13
(LB quartet, J = 6Hz; 2H, 2 protomson Cs5-Cg);

7.40 - 7.86 (n, S5H, aromatic).

Mass: 460 (M* ion).

(b) In DMF

Coupound 80 (0.88 g; 0.005 M) and DM.D (l.42 g; 0.01M)

were nixed in about 5 nl of dry DMF and kept at roon temperature.

sfter 5 days, the initial colourless solution turned dark red.

DMF was then distilled under high vacuun. The rosiduc was

aissolved in c¢thyl acetate, washed with water, dried (Na2804)



ond cthyl ~cetate distilled uncer vacuwn. The residual conplex
tr was then chren~tographed over silicn gel (L:30). Elution
with pete.ethcr + benzene (19:1) gave DMLD (0.04 g3 37%) while
the unréncted starting compound 80 (0.045 g; 54) was obtained
fron benzene fraction. 4 500 nl froction of ethyl ~cctate +
benzene (1:9) w-s then collected; cvaporation of this fraction
grve 0.4 g of 2 nixture., This nixture was rechronntographed over
silica gel (1:20). Elution w~s carried out with benzene + 1Y%
ethyl acetate with 10 nl froctions collection. The initinl
froctions gave the yellow compound 81 (15 ngj; 0.65%), followed
by the ornnge compound 84 n.p. 72° (0.275 g; 124 fron the
incernedinte lot of froctions. ‘nother ornnge conpound 84,
LiePo 171° was obtained froa the l-st part of the fractions.
Conpound 81 : p,p, 161°.

This h~d superinposable IR nnd undepressed nixed n,p. with
the conpound 81 obtnined from the nent ‘reaction (a).
Conpound 84 : n,p,: 72° (benzenc + net.cthor),

Blenent~l analysess Found,C: 54.707%; Hs 4.31%; N: 6.2%.

021H20N208S rcquircs,Cs 54.78%; H: 4.34%;

N: 6.09%.

R( nujol
nax

14 NMR (CDC13):3.66, 3.73 and 3.76 (thrcc g, 12H, nethyl protons);

) ¢ 1690, 1730, 1750 (cster c~rbonyls).

5.03 (s, 1H, olefinic proton)s 5.30 and 6.03 (i3
quartet, J = 6 Hz; 2H, 2 protons on Cg-Cg);
7.33 - 7.86 (n, 5H, aromatic).

Miss s 460 (M* ion).

———



Conpound 843 n.pe. 171°

This compound hnd superinpos~ble IR :nd undeprcssed nixed
Nepe with the conpound 84, n.p. 171°, obtnincd from the nent
recaction (a).

;ttenpted reaction of 78 and 80 with phenyl isocyanate and phenyl

isothiocynnate

4 nixture of conpound 78/80 and excess of phenyl isocyanate/
isothiocyanate was heated at 140° for 8 hm in an atnosphere of
nitrogen. Then the unreacted isocyannte/isothiocyanatc was
renovad under high vacuum. The residue was then chreomntographed
over silica gel (1:20). Elution with benzcne gave the starting
coupound 78/ 80. Conpound 85 wns obtained in variable yields
fron the benzene + ethyl ncctnte (931) froction while the conpound
86 was obtained by elution with cethylacetatc + benzene (3:7)
nixture in poor yields. 4
Conpound 85: n.p.: 238° /Tit. 238-9°(43)7.

Compouné 862 MePes lSO°[Iﬁt.lSO-5f%4¢i7.

eaction of 72 with DM.iD + phenyl isocynnate

. nixture of the conpound 72 (1.46 g; 0.0L M), DMiD
(2,84 g3 0.02 M) and phenyl isocyanate (3.57 g3 0.03 M) was
heated in an oil bath at 140° for 3 hr. The crude r-action
nixture was then passed through silica gel colurn (1:15). Elution
with pet.ether gave a’mixtuxe(O.Sg);f unre~cted DM.iD and nhenyl
isocyancte while elution with chloroforn + benzene (l:4) gave the
white coupound 88 (2.75 g; 50%).

Compound 88: m.p. 208° (pet. ether + benzenc, lsd

—_————————
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Eleaentnl annlysess FoundyC: 59.47; H: 4.16%; N: 7.33%.

Co7H53N5010 requires,C: 59,0245 H: 4.18%;
N: 7.65/4.

lﬁ{,vnu,] ol

): 1690-1770 (b, cnrrbonyl groups).
Y nnx

"5 IMR(CDCLg):  3.76, 3.86, 3.96, 4.03 (four s, 12H, nothyl

groups); 5.1 (s, 1H, bridgehe~d proton);
7.36 - 7.56 and 7.86 - 8,10 (n, 10H, aronntic).
Mass ¢ 549 /M* ion/.

Recction of 73 with DMiD + phenyl isocynnate

& nixture of the conpound 73 (l.62 g; 0.01M) DM.D (2.84 g;
0.02 M) and phenyl isocyanate (3457 g3 0,03 M) w-~s heated in 2n oil
bath nt 140° for 3 hr. . cark colourcd liquid thus obtained w~s
prssed through 2 silica gel colwin (1:10). Elution with petecthur
+ benzene (3:1) gave the conpound 85 (0.25 g) while fron pet.cther
+ benzene (1:1) froetions conpound 89 (0.48 g5 7%) was obtained.
It wos crystnllized difficultly fron cther into pnle yellow
needles (0.15 g3 2.27).
Conpound 89: m.p._187°.

Elecnentnl analyses: Found,C: 59.565; H: 3.98%; N: 8.41%.

C34HogN40710S requires,C: 59.65i;
~ Hs 4.0945 N: 8.184.
IR(ynuJOl
T iax

Ly IMR_(CCly): 3.93, 4.06, 413, 4.2 (four s, 12H, ncthyl protons):;

) @ 1685 - 1760 (b, carbonyl groups).

5.33 (s, 1H, bridgehend proton); 7.9 - 8.36
(n, 15H, aronatic).
fass: 565 /M* - 119/

e



Ronction of 4-nethyl-3-phenyl-l,2,4-trinzole 95 with DM.U

To a cooled solution of €5 (0.159 g3 0,001 M) in chloroforn
(5 nl) at -35° was acded slowly DMiD (0.28% g3 0.002 M) in
chlorofori (5 nl) wuring 4 hr. u~intaining the tenpernture
below -30°% .fter renoval of chloroforn under reduced pre ssursg, the
resulting tar was chronr~tographed over silica gel (1:30).
Blution with benzene gave nellitic ncid hexancthyl ester
96 (0.05 g).
Conpound 96 : n.p., 186° /Lit. 188° (47)/.

No oth:r conpouncd could be obtained in a pure stnte fron
the other frnctions Or by rechromatography.

R-action of 95 with phenyl isocy~nate

A nixturc of conpound 95 (1.59 gj3 0.01M) »nd phenyl
isocyanate (1,19 g3 0.01M) wns either kept ~t roon temperature for
10 hr. or h ated at 100° for 1 hr. The rcaction nixture then
sclidified. The solid conpounc 28 was filtered and washed with
benzene (2.5 g5 905). d)

Conpound 993 ilepe 220°.

Ilcnenbal analyses: FounG,C: 69.3245; H: 4.947%; N:20.194%.

016H14N4O requires C: 69,065 H: 5.03%;
N: 20.147%.

Lﬁ(LpujOI) : 1670 (carbonyl); 1600 (aronntic).
S LinX

Moss: 278 /M* ion/

—_——
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Re~etion of B-mercapto-S-phenyl-1,2,4-triazole 101 with DM:.u

Conpound 101 (0.354 g; 0.002 }) ond DM..D (0.284 g; 0.002 M)
were dissolved in ncthanol (15 1l) conteining 3-4 Grops of dil,
hycrochloric acid. The sclution w-~s allowed to stond at roor
tenperature for 24 hr, Mcthonol w-~s then evapor~ted off. The
residue was crystallized frowm benzence to colourless crystals of
103b (0.21 g5 36.54).

Soupound 103b: p, 1979,

slenental analyses: Found C: 54,11%; H: 3.184; N: 14.5% ,

Cy3HgN3055 requires,C: 54.354; H: 3.13%;
N: 14.63%.

y_(_/unujol) : 1720 (carbonyl).
Y nax

Ly NMR (TFi): 4.2 (g, 3H, nethyl protons); 7.9 (s, lH, olefinic);
7.5 « 7.73 (11, 3d, 7. and=p aronatic protons
8.0 - 8.2 (n, 2H, -0 aronatic protons).

insss 287 /M* ion/.
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CHAPTER II

THERMAL REARRANGEMENT REACTIONS

OF SOME ALKYLTHIO SUBSTITUTED
TRIHETEROATOMIC AZOLES




4 BRIEF INTRODUCTION TO
1,3 ALKYL MIGRATIONS



As early as in 1896, Claisen (1) observed the thermal
rearrangement of «-alkoxystyrenes 1 to the corresponding

substituted acetophenones 2.

o—R S
¢ >
Ph —E=CH, Ph— <~ CH,- R
= | 2

—_—

Since then, the 1,3-alkyl migration reactions have been
extensively studied with a broad spectrum of organic compouncs
including alicyclic, carboxyclic as well as heterocyclic systems.

The 1,3 C —0 alkyl migrations in many enol ethers like
2-ethoxy-4-methylcyclopent-2-eneone 3 to 3-ethyl-4-methyl-1,2-
cyclopentanedione 4 (2), anisole 5 to 2-methyl phenol 6 (3) etc.

have been very well established.

CHz CH; O-CHs; OH
Mgy CHy
.—————) 5 —-———e
HSLO’ o ° °
E
2 & 2 [

These reactions are known to proceed through an intra-
nolecular free radical pathway.

The thermal Claisen rearrangement of allyl aryl ethers 7
to o-allyl phenols 8 have been studied in vast detail. This.

rearrangement is proved to be an intramolecular, suprafacial-



&
2

" suprafacial, aromatic [3,§7sigmatropic process, the cyclic,
6-membered activated complex of which has little polar

character (4,5).

R
\ N

19 == o —
0 Ry H o R=H

OH

8

4)

I~
~/
o

When R *H in 7, a retero-Claisen rearrangement of 7a
can also take place to give back 7.

A large number of heterocyclic¢ systems are also known to
undergo Claisen rearrangement e.g. 2-allyloxypyridine 9
rearranges into 3-allyl-2-pyridone 10, l-allyl-2-pyridone 11,
and 2-pyridone 12 (6).

@oﬁ——_} m ©\\
vo

2 Je L 2

N"o
H

Similar Claisen rearrangements with 1,3 O —N or
0—C allyl migrations have been studied for quinolines (7),
pyrimidines (8))benzimidazoles (9), triazolopyrimidines (10),

purines(ll),etc.
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The thio-Claisen rearrangement reactions proceeding with
1,3 §—C allyl migrations arc also known for a variety of
allylthio ethers with carbocyclic and heterocyclic systems (12,13).

The thermal rearrangement reactionSof alkyl imidates 13
to amides 14 by a 1,3 O0-N alkyl migration are also known (14,15);
however they seem to be limited to methyl and benzyl derivatives.,

8 i S Sy B
H-C=N — P}, H=C— nN—Ph
'3 =

These reactions are catalysed by alkyl halides or alkyl
sulfates (16,17). These rearrangements are proved to be
intermolecular by intercepting the rearranging intermediate and
incorporating a new, more stable alkyl group into the molecule
(18). This rearrangement also occurs in cyclic systems e.g. the
cyclic benzyl imidate 15 undergoecs C-0 bond fission at 300° with

recyclisation in 1,3 manner to produce the isoindole derivative

16.
- . -!
N - Ph o o]
o —| Q| — T
tn,
5 le

This 1,3 O— N alkyl migration reaction is well

introduced in many heterocyclic systems. Thus 2-methoxy-



Pyridines 17 and quinolines 18 thermally rearrange into the
corresponding N-methyl-pyridones 19 and quinolones 20 (19).
.. — O
N7\ >
OCH,y N"“o
CHS
17 19

P

A N
————>
~
OCHx >0
18 20 <H3
Alkoxypyrimidines (20), lactim ethers (21), quinazoline
sthers (22) etc, also undergo related 1,3 alkyl nmigrations,
5-Alkoxy-1,2,4-oxadiazoles 21 as well as 2-alkoxy-5-aryl-
1,344-oxadiazoles 22 thermally undergo . such 1,3 alkyl migrations
and form 4-alkyl-1,2,4-oxadiazol-5(4H)-ones 23 and 3-alkyl-5-aryl-
1,344-0xadiazol-2(3H)-ones 24 (24) respectively.

R R~ R '
| rﬁ———n |4'"_ﬂ N—N | ~N—N-R
—I\O/N o/’l\o/N Qr’n\o Lo Ay No"o

2! 23 22 4

——

The 1,3 0~30 alkyl migrations are also reported in the
literature e.g. tracer experiments have shown that methyl benzoate

rearranges thermally at 360-400° with 1,3-methyl migration(25).
'8? —CHy 180

{
Ph-Cz=o —— Ph_&-0-ch,



2-Methylthio-pyridine 25 rearranges thermally to
N-methyl-2-pyridthione 26 by. a 1,8 S—N methyl migration;

but this reaction is more sluggish than with the oxygen

(.. — Q1
jeis

25 26
2-Alkylthio-benzothiazoles 27 are reported to thermally

analog (26).

isomerize to 3-alkyl-benzothiazolin-2-thiones 28 (27-30).

R
0 — X

17 28

Most of the recent studies have proposed an ion pair
internediate for this reaction in which isomerization occurs
by a 4~-center mechanism., Among the S-alkyl derivatives of 27,

'benzyl, methyl ana neopentyl derivatives lacking in B-hydrogen
atoms undergo such 1,3 S—=N alkyl migrations while 27 with
alkyl groups containing a B-hydrogen atom yield olefines along

with 2-mercapto-benzothiazole by pyrrolitic elimination.
R

R,

@&§ — CSu (Rl

=7
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. However, Harjit Singh et al, reported that when
L{I&-oxocyclohexyl)thig7-isoquinoline 22 and 4-/(«-oxocyclo-
MMyl)thig7—quinazcline 30 are thermolysed in Dimethylformamide
(DMF), instcad of 1,3 S-sN migrations mentioned above, they v

extrude elemental sulfur and fornm 1-(x-oxocyclochexyl)-isoquinoline

3l and 4-(«t-oxocyclohexyl)-quinazoline 32 respectively (31).

O
A DMFE, & SN
> 7'
X?' -S X
%__‘_:I_',XZCH él:X:'CH
?_J_i): X= N 32 X =N

However the corresponding cyclohexenylthio derivatives
of isoquinoline and quinazoline are found to be stable.

Recently Takeo et al. (32) have observed that thio-~

Claisen rearrangement of 2-allylthio-benzothiazole 33 which

rearranges to N-allyl-benzothiazol-2(3H)-thione 34 by 1,3 S——N

allyl migration. -

Iy —— Qo

33 34
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A similar rearrangement with 1,3 S-—N migration is also

known in benzimidazole 35; however the product further rearranges

to 36 and 37 (33).

H
N\
S
Suhiel¢wi!
NS R VA g
25 26
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As the imino-alkylthioethers 38 at high temperatures
are known elther to rearrange by 1,3 S—sN alkyl migration to
form N-alkyl thionecs 39 or to extrude elemental sulfur to
produce the corresponding imino-alkyl derivatives 40, it was J/
interesting to see the behaviour of alkylthio substituted
derivatives of some symmetrical triheteroatomic azdles viz.

1,3,4-oxadiazoles, 1,3,4~thiadiazoles and 1,2,4-triazoles.

N

o ( Sn-R
R —
,Jl\s,, -/”Lg or

-
s

38 39 4o
The («-oxocyclohexyl)thio substituted triheteroatonic
azoles 44,

45, 46 werc prepared by condensation of the
corresponding thiols 41 (34), 42 (35), 43 (36) with «-chloro-

cyclohexanone in refluxing benzene containing equimolar amounts

of triethylamine.

0
NN | @3‘,(5)_(15)3[\!‘ N~—0nN ©

L - [ j:)
al e ten & DMF Phj\x 5

4:x=o 44 - X=0
T3 X=NCH, 461 X=NCH;y
AlDMF
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2~Af&-0xocyclohexyl)thig7-5-phenyl-l,3,4-oxadiazole 44
showed IR band at 1710 cm','l for the carbonyl group; 2-/(«-oxo-
cyclohexyl)thig7-5—phenyl-l,3,4-thiadiazole 45 showed the
carbonyl frequency at l705}cm'l. While 4-mcthyl-5-£7&-oxocyclo-
hexyl)thig7-3-phenyl-l,2,4-triazole 46 gave the IR band at
1715 cn~l. The lH NMR spectra of 44, 45 and 46 exhibited
aronatic multiplets at 67.2 - 8.06, 8H nultiplets between
6 1.56 and 6 3.2 for the methylene protons and signals for the
methine proton at & 4,50 - 5.0; in addition to this, compound 46
showed a 3H singlet at 6§ 3.63 for the N-CH3 group.

When the compounds 44, 45 and 46 were refluxed in DMF,
TLC indicated complete disappearance of the starting materials
after 3 hr. From the reaction nixture of 44 the 1,3 S —N
nigration product 47 was isolated in 30% yield along with 15% i
of 4l. The thione 47 showed in its IR spectrum a sharp peak
for the carbonyl group at 1735 ern™t, In the lH NMR spectrum, it
exhibited multiplets for 5 aromatic protons at & 7.883 -« 7.50 and
6§ 7.80 - 8,0, a 1H ABX signals at 6 5.1 - 5.55 for the methine
proton, and 8H multiplets at 6 1.90 - 2.80 for the 4-methylene
groups. The deshielding of the methine proton compared to 39
clearly indicated the 1,3 S— N migration. This structure
was confirmed by its M* ion at 274 in the mass spectrum. Fron
the comparative study of the IRs of 44 and 47, it is apparent
that the carbonyl frequency of the N-(«-oxocyclohexyl) thioné
comes higher than the («-oxocyclohexyl)thio substituted azole

by about 25 emt,
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v

The formation of 41 from 44 nay be operating through a

6-nembered cyclic transition state as shown.

N—nnH A N—NH
R T T 3
PR™ xS OMF g SxNs
o 6]
44 x:=0 4i:x=o0
45 : Xx=¢ 42:X=5
46 - x= NeH;, “+3: X= NcHy

However no 1,3 S-—N alkyl migrated products could be
isolated from the complex reaction mixture obtained by thermolysis
of 45 and 46; instead 42 and 43 were formed in varying yields., V
This can be explained as due to the increased nucleophilicity
of imino nitrogen in 45 and 46.

It is interesting to note that unlike the isoquinoline and
quinazoline cderivatives (29), no sulfur extruded products could
be isolatedé from all these reactions.

In order to see, whether the reaction of 1,3 S—aN alkyl
pigration in triheteroatomic azoles is general for all alkyl
groups, thermolsis of the corresponding nethylthio derivatives
was carried out. However, all the ricthylthio derivatives of 41,
42 and 43 were found to be stable to refluxing DMF for 3 hri

The phenacylthio derivatives from 41, 42 and 43,

however, showed decomposition (TLC) in refluxing DMF. The



6b

phenacylthio substituted azoles 48, 49 and 50 were prepared by the
condensation of equimolar amounts of the thiols 41, 42 and 43
respectively with phenacyl bromide either in refluxing benzene

containing triethylamine for 2 hr. or in DMF at room temperature

for 24 hr.

N—N  PhoCH1Br = —n Oxy Ph DMF N——N"Y
, : h ) l j/
Ph X SH &, DME P}‘JJ\X S PhJ\/L

4l Xx=0 48: X=0 51:x=0
42: X=zg 49: x- ¢ S2:X=
—-—-3: X=NC“5 _‘S_Q:X:N(H} ‘5_--5:\&:”""3

The compounds 48, 49 and 50 in their IR spectra,
showed 5 sharp peak at 1670 en~! for the carbonyl group, in
enalogy to phenacyl thiophenol 54 which absorbs at 1660 en~L,
In their 1H NMR spectra the singlet for the methylene protons
attached to sulfur appeared around 64,9 - 5.0,

When the compounds 48, 49 and 50 were refluxed in DMF
for 3 hr. the 1,3 8 —N phenacyl migrated products 51, 52 and 53
respectively were obtained in poor yields along with the major

products 41, 42 and 43.
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The compounds 51, 52 ancd 53, in their IR spectra showed a
sharp peak at 1700 cm_l for the carbonyl group similar to the

phenacyl carbonyl absorption of 55 at 1700 en” L,

N——N o
Ph/U\o/l‘/\Pfh Ph- co-CHy- S-Ph

55 54

Thus, again a high field shift by ca. 30 cn~l was observed
for the N-phenacyl thionese The 11 nur spectra of 51, 52 and 53
gave singlets for the methylene - protons around § 5.4 - 5.50.
This deshielding of the methylene protons was in accordance with
the N-phenacyl structurcs assigned to them.

The tendency of the triheteroatomic ~zoles mentioned above,
to abstract a B-hydrogen atom to form the recspective thiones
revealed that such heteroatomic systems with thioallyl
substituents may also undergo the thio-Claisen rearrangement
rcaction which necessarily proceeds through an intramoleculer
6-membered cyclic transition state.

The thiocallyl azoles 56, 57 and 58 were prepared by
condensation of 41, 42 and 43 rcspectively with allyl chloride

in refluxing benzene containing triethylamine.
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L —S> 1 ke =
Ph"\X SH™Y Ph"\x 57 DmfE “pn XTS
41 x=0 5e:x=0 29:Xx=0
42 i x=g 57:x=s &0 :x=§
F2 P X =N, 58 : X:NCHz 61 2 X= NtHg

Compounds_56, 57 and 58 gave IR bands at ca. 910-15 en~t

for the terminal methylene group. Their lH NMR spectira.
exhibited aromatic proton multiplets beyond 7.0, the 2-terninal
nethylene protons as ABX multiplet at ca. 65.0 - 5.5, a 1H
nmultiplet for the olefinic proton at cae 6§ 5.7 - 6,3, and a
doublet for S-methylene protons at ca. § 3.80 - 4,03. The nass
spectra showed M* ions at 218 for 56, 234 for 57 and 231 for 58.
When these thﬁ%llyl azoles were thermolysed in refluxing
DMF for 3 hr, thc 1,3 S—-UN nigration proceeded smoothly and
59, 60 and 61 werc obtained in more than 85% yields.
The compounds 59, 60 and 6l gave M* ions ot 218,234 and
231 respectively.in their mass spectra., Their IR showed bands
at 1660 cn~t for C=C groupings and around 900-920 en™t for the
terminal methylene group. Their lH NMR spectra exhibited
aromatic multiplets beyond 67.1, ABX multiplcts for the
terminal methylene protons at ca. 6.6.1 - 5.5, 1H nultiplet
for the olefinic proton at ca. 65.6 - 6.3 and most significantly
a 2H doublet for the -N-CHZ-group at 6 4.63 for 59, 6 4493
for 60 and{4.70 for 6l. This deshielding of the methylene
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protons clearly indicated the 1,3 § —N wilyl migration.

This thio-Claisen rearrangenment reaction was then further
extended to the nethallylthio substituted triheteroatomic azoles
62, 63 and &4 which were preparcd by concdensation of 41, 42
and 43 respectively with methallyl chloride in refluxing

benzene containing triethylanine.

Ph
42:X= ¢ €Z:1Xx=g €6 : X=g
43.__3-_;(: NCH3 G4 ~,x=NcH$ 67 : X~ NCH

The compounds 62, 63 and 64 in their IR spectra exhibiteda
band at 890 cm-l for the tecrninal nethylene protons, In their
1y NMR spectra, they showed a 3H singlet at § 1.96 for the
nethyl group on sp2 carbon, 4B quartets at ca. § 4,80 - 5.20
for the terminal nethylene protons, the aromatic nultiplets
beyond & 7.2 and a 2H singlet for the -S--CH2 protons around
& 3.9 - 4.1. Their nass spectra gave M* ions at 232 for 62,
248 for 63 and 245 for 64.

When these methallylthio azoles were refluxed in DMF
for 3 hr., they were smoothly converted to the N-methallyl
thiones 65, 66 and 67 respectively in more than 90% yields.
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The compounds 65, 66 and 67 in their IR specctra showed bands
at ca, 1660 cn~l and 890-900 en~t. Their lH NMR spectra
exhibited multiplcts for the aromatic protons becyond 6 7.30,
a singlet for 2-terninel mcthylenc protons at ca. § 4.9 - 5.1,
a 3H singlct at ca. § 1.80 for the methyl group attached to
the unsaturated carbon, and nost significantly, a 2H singlct
at ca. 64.7 - 4.8 for the -N-CHg-grouping. Again, the
deshielding of the nethylene protons confirms the S —N
nigration.

As these thio-Claisen rearrangemgntSOf imino allylthio
ethers proceed very smoothly, it may be speculated that thesc

rcactions can be extended to many othcr heterocyclic systemse
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General nethod for the preparation of 2-alkylthio-5-phenyl-1,3,

4-nxadiazoles, 2-alkylthio-5-phenyl-1,3,4-thiadiazoles_and

S5-alkylthio-4-methyl-3-phenyl-1,2,4-triazoles

A nixture of 2-nmercapto-5-phenyl-1,3,4-oxadiazole 41 or.
2-nercapfo-5-phenyl-1,3,4-thadiazole 42 or 5-nercapto-4-nethyl-
3-phenyl-1,2,4-triazole 43 (0,01 M), the relevant alkyl halide
(chloride or bromide) (0.0l M) and triethylanine (0.0l M) was
rcfluxed in benzene (50 nl) for 3 hr. The reaction mixturc was
then washed successively with water, 10% sodiun hydroxide
solution and again with water and finally dried (Na2804). The
respective alkylthio substituted trihetercatomic
azoles were obtained either by crystallization or by
chron2tography of the residue remaining after evaporation of
bcnzene.

Conpound 44: Crystallized from pect. ether.
Yield: 60%; n.p. 109°,
Elcnental analyses: Found, C:61,20%; H: 5.32%; N: 10.36%.

Cq M7 40008 requires, C: 61.31%; H: 5.117%;
N: 10.227%.

nujol _
IR (Y 3%y 1710 (¢ = 0).
'8 mMR (cCl,): 1.63 - 3.20 (n, 8H, methylene protons); 4.5 - 5.0

(ABX q, 1H, nethine proton); 7.33 - 8.10 (n, 5H,
aronatic).
Mass: 274 (MY ion).

Compound 45 : Crystallized fron pet.cther
Yield: 50%; m.p. 114%.
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Elcnental analyses: Found, C358.255; H: 4.67%; N: 9.69%.

Cl4ﬁl4N2082 requires, Cs: 57.93%; H: 4.83%5
N: 9.65%.
R(p"et )+ 1705 (¢ = 0).
nax .
Eﬂ_ﬂﬂg (CClé): 1.60 - 3,06 (n, 8H, methylenec protons); 4.60-5.06
(aBX q, 1H, nethine proton); 7.23 - 8.0
(n, SH, aronmatic).
Mass: 290 (M* ion).
Coupound 46: Obtained by chronatography (silica gel, 1:20;
benzene + ethyl acetate 9:1)
Yields 65% as an oil,

Elcnental gnalysess Found, C: 62.4%%; Hs 5,78%; Ns 14.80%.

C15H17N308 requires, C: 62.72%; H: 5.92%;
N: 14.633.

IR (TR, 1715 (¢ = o),

nax

4 MR (CCly): 1.60 - 2,83 (m, 8H, methylene protons); 3.56

(sy 3Hy nethyl); 4.26 - 4.76 (iBX q, 1H, nethine
proton); 7.10 - 7,70 (n, 5H, aronmatic).
Mass: 287 (M* ion).
Conpound 48: Crystallized fron chloroform + benzene nixturc.
Yield: 85%; m.p. 168°.

Elemental analyses: Found, C: 64.81%; H: 4.29%; N: 9.32%
C16H1oN2028 requires, C: 64.86%; Hs 4.05%;
N: 9.46%.

IR (L>“u301)= 1670 (C = 0).
nax



' MR (CDCLg) : 4.96 (s, 2H, nethylenc); 7.36 - 8.20

(n, 1O0H, aronatic).
Mess: 296 (M* ion).

Compound 49: Crystallized from chlcroforn + benzene nixture.

Yield: 70%; r.pe 152°.
Elenental analysess Found, C: 61.84%; H: 3.97%; N: 8.73%"

Cy6H1oNo08, requires, C: 61.54%; H: 3.85%;
N: 8.97%.

1r(,5™%) 1670 (c = 0).
rnax *
1

H NMR (CDClg): 4.86 (s, 2H, ncthylene protons); 7.16 - 7.90

———

(n, 10H, aromatic).

Masss 312 (M* ion).
0

Conpound ¢ Crystallized fron pyridine + benzene nixture.

Yield: 90%; n.p. 216°.
Blenental analyses: Found, C: 65.78%; H: 4.77%; N: 13.64%.

C17H,5N30S requires, C: 66.027%; H: 4.85%;
N: 13.59%.
nujol
(2 %7y: 1670 (C = 0).
nax :

1y NMR (pyridine): 3.53 (s, 3H, nethyl); 5.16 (s, 2H, methylene).
Mass: 309 (M* ion).
Conpound 56: Obtaincd by chronetography (silica gel, 1:20;
benzene + ethylacetate 19:1).
Yields: 80% as an oil.
Glenental analyses: Found, C:60.71%; H: 4.39%; N: 12.99%.
C1HoNg08 requires, C: 60.55%; H: 4.59%;
N3 12.84%.

rax
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L wMR (CCl): 8.93 (4, J = 7 Hz; 2H, S-CH, protons); 5.06 - 5.66
(ABX n, 2H, C = CHg protons); 5.73 - 6.30 (n, 1lH,
-CH = proton); 7.26 - 8.13 (nn, 5H, aromatic).

HC <

jass: 218 (M* ion).

Conpound 57 : Obtained by chronatography (silica gel, 1:20;
benzene + ethyl acctate, 5:1).
Needles fron pete.cther,
Yields 75%; n.p. 44°.

Elemental analyses: Found, C: 56,30%; H: 4.16%; N: 12,08%,

Cy11H, (NoSg requires, C: 56.41%; H: 4.273;

10
N: 11,96%.
nujol
B, )t 916 (C = CHp); 1650 (C = c).

i NMR (CC1,): 4.0 (4, J = 7 Hz; 2H, S-CHy protons); 5.03 - 5.0Ce
(ABX n, 2H, C = CH, protons); 5.70 - 6.33 (n, 1H,
-CH = proton); 7.23 - 8.13 (n, SH, aromatic).

Mass: 234 (M* ion).

Conpound 58 % Obtained by chronatography (silica gel, 1:20;

benzene + ethyl acctate, 5:3). Crystallized fron
pet. ether into needles.,

Yield: 55%; ne.p. 78°.

Elemental analyses: Found, C: 62,07%; H: 5.554; N: 18.41%.
C12H13N4S requires, C: 62.34; H: 5.63%;
N: 18.18%.

nujol

IR Q)

1 MR (CCl,): 3.60 (s, 3H, N-CHg protons); 3.86 (d, J = 7 Hz;

2H, S-CH, protons); 4.96 - 5.46 (iBX n, 2H, C=Ci,
protons); 5.63 - 6.26 (n, 1H, -CH = proton);
7.33 - 7.80 (n, S5H, aronatic).

Mass: 231 (M* ion).

: 91C (C = CHp).
nax ) ( 2)
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Conpound 62 ; Obtaincd by chronatography (silica gel, 1:20;
benzene)
Yield: 90% as an oil.

Elcnental analyses: Found, C: 62.113; H: 5.31%; N: 11.843%.
C1oH o008 requires, C: 62,0753 H: 54174
N: 12.07%.
lig.filnp
B
'H IIMR(CCl,): 1.96 (s, 3H, nethyl); 3.93 (s, 2H, nethylene protons)
4.86'~ 5.23 (4B q, 2H, C = CHy protons);

743 - 8,13 (n, SH, aromatic).

) : 890 (C = CH2)

Mass: 232 (M* ion).

Conpound 63 : Obtained by chromatography (silica gel, 1:20;4
benzene + ethyl acctate, 19:1)., Crystallized fron
pet.ether,

Yield: 80%; n.p. 56°.
Elenental analyses: Found, C: 58.01%; H: 4.76%: N: 11.34%.
CioH oNoSy requires, C: 58.06%; H: 4.84%;
N: 11,29%.

IR ("°1: 890 (¢ = cHg).
nax 7/

lH NMR (CCl4): 1.96 (s, 3H, ncthyl); 4.1 (s, 2H, nethylenec
protons); 4.86 - 5.23 (4B q, 2H, C = CHy protons),
7.33 - 8.10 (n, 5H, aromatic).

Mass: 248 (MY ion)

Compound 64 : Crystallized fron pet.ether .
Yield: 70%; n.p. 81°.
Elenental analyses: Found, C: 63.55%; H: 6.06%; N: 17.32%
C13H,5N38 requires, C: 63.67%; H: 6.124;
N: 17.14%.

nujol
1R : 890 (C = CHy).
(vmax )z 890 (C 2)
Y5 nwR (CCly) ¢ 1.96 (s, 3H, C = C-CHg); 3.63 (s, 3H, N-CH,
protons); 4.80 - 5.10 (4iBq, 2H, C = CHy protons);
7433 - 7.90 (n, S5H, aronmatic).




General nethod of thernolysis of the alkylthio substituted

triheteroatonic azoles

an alkylthio substituted triheteroatonic azole (0.005M)
was refluxed in 10 nl dry DMF for 5 hr. The sclvent was then
renoved under high vacuun. The tarry residuc renaining in the flask

was then chronatographed over silica gel column (1:20).

Thernolysis of 44

Elusion with pet.ether + benzene (1:1) gave the conpound
=<7 (30%) while the conpound 4l cane in benzene + cthylacetate
(3:1) (15%).

Conpound 47 * n.p. 148° (pet. ether).

Flenental analysis: Found, C: 61.43j%; H: 5.29%; N: 10.24%.

Craty 22028 requires, C: 61.31%; H: 5.11%;
N: 10.22%.

13())“‘1301) : 1735 (C = 0).
nax

14 MMR (CC1,): 1.90 - 2.80 (n, 8H, ncthylene protons); 5.10 - 5,55
(4BX q, 1H, nethine proton); 7.33 - 8.0 (n, SH,
aronatic).

Mass: 274 (MY ion).

Thernolysis of 45

Elusion with benzene + ethyl acetate (2:1) gave the

conpound 42 (10%).

Thernolysis of 15

Elusicn with benzene + ethyl acetate (l:1l) gave the
conpound 43 (20%).



Thernolysis of 48
-

Elution with pet.ether gave the conpound 51 (57%) while
the benzene + ethyl acetatc (3:1) fractions gave the conpound
41 (20%).

Corpound 51 : n.p. 132O (petoscther).

Elenental analysess Found, C: 65,10%; H: 1.175; N: 9.58%.
' C1gH1oN5058 requiris, C: 64.86%; H: 4.05%;
N: 9.46%.
nuj
IR
“'Q%ax
1 NMR (CCl,): 5.40 (s, 2H, nethylene protons); 7.16 - 8.0C

ol
): 1700 (C = 0).

(n, 10H, arcnatic).
3 )

Mass: 296 (M+ ion).

Thernolysis of 48

Elution with pet.ether gave the conpound 52 (37%) while
42 (304) was obtained by the evaporation of benzecne + ethyl
acetate (2:1) fraction.
Compound 52 : n.p. 196° (pet.ether).

Elenental analyses: Found, C: 61.33/%; Hs 3.91%; N: 9.144:

Cl6H12N2082 requires, C: 61.54%; H: 3.85%;
N: 8.97%.

1R "M% 1 1700 (¢ = 0).
riax

'H MR (CDClg): 5.60 (s, 2H, nethylene protons); 7.23 - 8.06
(n, 10H, arcnmatic).

' Mass: 312 (MY ion).

81



Thermolysis of 50

Elusion with pet. cther + benzcne (19:1) gave the
conpounc. 53 (74) while the conpound 13 (254) was obtaincd fron
benzene + ethyl acetate (l:l) fraction.
conpound 53 : n.p. 146° (pet.ether).

Slenental analyses: Found, C: 66.114%; H: 4.63%; N: 13.44%.

Cl7Hl5N308 requircs, C: 66,02%; H: 4.857;
N: 13.59/.;0

;g(l?uJOI) : 1700 (C = 0).
nax
1

H NMR (CCl,): 3.60 (s, 3H, nethyl); 5.46 (s, 2H, nethylenc

protonsy 7.13 - 8.0 (m, 1O0H, aromatic).
Mass: 309 (M* ion).

Thernolysis of 56

The conmpound 59 (90%) was obtained fron pet.cther +
benzene (l:1l) fraction.

Compound 59: n.pe 95° (pet.ether).

slemental analysis: Found, C: 60.64%: H: 4.49%; N3 12.96%.
CllHloNZOS requires, C: 60.55%; H: 4.59%;

N: 12.84%.

nujol
IR H = N ]
Py Lﬁax 910 (C CH2), 1660 (C C)T

14 NMR (CCl,): 4.63 (d, J = 6 Hz; 2H, N - CHp protons); 5.1 -6.2
(ABX n, 3H, CH = CHg); 7.13 - 8.0 (m, 5H,
aromatic).

Masss 218 (M* ion)
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Thernolysis of 57

Elusion with pet.ether gave the compound 60 (85%).

Conpound 60 : n.p. 69° (pet.cther),

Elenental analysess Found, C: 56.20%; H: 4.,33%; N: 12.16%.

CllﬂloNZSz requires, C: 56,4l%; H: 4.27%;

Ns 11.96%.
nujol
nax

IR (Y ) * 910 (C = CHg); 1660 (C = C).

14 WMR (CCly): 4.93 (d, J = 6 Hzj 2H, N-CH, protons);

5.13 - 6.36 (4BX n, 3H, CH = CHy); 7.2 - 7.76
(n, 5H, aromatic).
Masss 234 (M* ion).

Thernolysis of 58

The conpounc G1 (95%) was obtaincd by the evaporation of
benzence fraction as an oil.

Compound 61

BElenental analyscs: Found, C: 62,38%; H: 5,784; N: 18.28%.

012H13N3S requires, C: 62.34%; H: 5.63%;
Ne: 18.184.
liq.filn ~ ) ~
IR (Y E 915 (C = CHy); 1660 (C = C).
nax

18 WMR (CC1,): 3.50 (s, 3H, methyl); 4,70 (4, J = 6 Haj 2H;
N - CHg protons); 4.96 - 6.23 (ABX m, 3H,
CH = CHp); 7.16 - 7.56 (n, 5H, aromatic).

Mass: 231 (M* ion).



Thernolysis of 62

The compound 65 (96,5) was obtaincd fron pet.cther +
benzene (l:l) fraction.

Coripound 65 : m.pe. 102° (pet.cther).

Blenental analyses: Found, C: 62,00%; H: 5.34%; N: 12,144,

012H12N208 requircs, C: 62.07%; H: 5.17%;
N: 12,07%.

RN 895 (¢ = cip); 1660 (C = ).
nax

4 MR (CCl,): 1.83 (s, 3H, nethyl); 4.63 (s, 2Hg = CHo )

——

5.0 (s, 2H, N=- CHy), 7.23 - 8.16 (n, 5H, aromatic).
Mass: 232 (M¥ ion).

Thernolysis of 63

Elution with pct.cthor gave the compound 66 (90%).

Coupound 66 : n.p. 98° (pet. ecther).

——

slemental analyses: Found, C: 58.364; H: -1.92%; N: 11,03%.

012H12N252 requircs, Cs: 58.06}5; . 4.84‘/35

N: 11.297.
nujol

): 900 (C = CHy); 1660 (C = C).
nax

12 (v

Li NMR (CCl,): 1.83 (s, 3H, nethyl); 4.93 (brosd s, 4H, N-CH,
and C = CHy protons); 7.30 - 7.80 (o, BH,
aronatic).

Masss 248 (MY ion).



Thernolyses of 64

Coupound 67 (95%) was obtained fron benzenc fraction.

Compound €7 : 13,5, 86% (pet. ether).

Elenental analysess Found, C: 63.79%; H: 6.26%; N: 17.31%.
Cl3H15N3S requires, C: 63.67%; H: 6.12%;
N: 17.14%.

i P = : = c
;g(?)nuJO : 900 (C = CHp); 1660 (C = C).
rnax

8 MMR (CCL,): 1.80 (s, 3H, C = C - CHy); 3.66 (s, 3H, N-Ci,
protons); 4.80 (s, 2H, C = CHy); 4.93 (s, 2H,
N - CHy protons); 7.33 - 7.86 (n, 5H, aronatic).

Mass: 245 (M* ion).
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CHAPTER I

SYNTHESIS OF FUSED TRIHETEROATOMIC
AZOLE RING SYSTEMS




INTRODUCTION



Many heterocyclic iminothiols, in which the imino group
is a part of the ring systea, are reported to react casily with
alkyl halides, under basic conditions and from the imino
thioethers in which the substitution take place on S in

preference to N.

SH SR S R @ S<_R
R Y YJ TN 1"
- A = Rz J\g S

X=O Q'ICHQ_

When the alkyl group in such imino alkylthioethers
contains a B~keto group or a B-Y-unsaturation, they are known to
cyclize in acidic medium and form the fused thiazolium ring
system. The cyclization is generally achieved with sulfuric
acid, hydrobromic acid, polyphosphoric acid or perchloric acid (PCA).
The ecase of cyclizetion depends on the nucleophilicity of imino
nitrogen.

Depending on the acid employed in the reaction, a cyclized
or a cyclodehyarated product is obtsined. Generally, perchloric
acid in methanol brings about only cyclization while the other
acids mentioned above complete even the cyclodehydration. The
cyclized as well as cyclodehydrated products are usually isolated

as their perchlorate salts.



]9

These fused thiazolium salts 1 when reacted with sodiunm

borohydride or lithium aluminium hydride are reduced at the 4
imoniunm -C = ?-, the electrophilic bridgehead carbon being
attacked by the hydride ionj; however, this product 2. is usually
unstable and ring opening takes place to form N-substituted

saturated heterocycles 3 (1).

{\I/_I el e {\f”_I "Cmizon | {jfl:*

Bradsher et al.(2) in 1964 reported the cyclodehydration

of «-[IB-ketoalkyl)thig7-pyridines 4 with sulfuric acid

followed by their isclation as thiazolopyridinium perchlorates 5.

s
T l DHaS0s
XN o~Rr i Pea C'°4-

]

F5

«-(B-Ketoalkyl)thio pyridinium salts 6 can also be
cyclodehyarated to thiazolopyridinium perchlorates 7 using
48% hydrobromic acid for 29-50 hr, followed by treatment with



sodiun perchlorate (3).

. ] SIR\ )48 7 Hey - Ry” | = ﬂ’R 5
M o~R' i) NaClog A3 RY €log
< 7

. Benzopyridines are also known for such cyclizations.
Z-ATB-Ketoalkyl/aryl)thig?quinolines 8 are easily cyclo-
dehyarated with concentrated sulfuric acid at room temperature

and form the thiazoloquinoliniun salts 9 (4).

R,
) H250q N
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The 1-/(B-ketoalkyl/aryl)thig/-isoquinolines 10 are
known only to cyclize with perchloric acid to 1l while cyclo-
dehydrated thiazoloisoquinolinium perchlorates 12 are obtained

by the action of sulfuric acid on 1l or directly on 10 (8).

S
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l-illylthioisoquinoline 13, on the other hand, is

aifficult to cyclize, the reaction failing with ethanolic

hydrochloric acid or sulfuric acid. The cyclization is achieved

only with polyphosphoric acid followed by treatment with

perchloric acid to isolate the perchlorate 14 (5).

S——-—i ‘g,.___‘
= N § X /\’ANgk
]\\6¢J ) PPA - L\~/l\\5§J C,az
1) Pen N
13 14

Z-LTg-Ketoalkyl/aryl)thig7prr1midines and their

L-substituted derivatives 15 are readily cyclodehydrated with
sulfuric acid to 16 (6).
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4-[?210xocyclohexyl)thig7-quinazoline 17 is cyclized
with methanolic perchloric acid to 18 which can be further
dehydrated with sulfuric acid to 18. The perchlorate 19, on
rcduction with ethanolic sodium borohydride gives the ring

opened procduct 20 (1),

Y @Q

|
P
[::]\ J o PCA/CHBOH 8 [ \\' oH o
N7 BB 2 crog

17

18
‘ ! l) Ha q04r
itl) PCh
Ho M0 S
ol
- } N/’ C2H50m N*‘ Ciog
H
20 2

The 2-E§-keto alkyl/aryl) thig/-thiazoles 21 are cyclo-

dehydrated with concentrated sulfuric acid at 100° to
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thiazolothiazolium perchlorates 22 (7).

' SW/S 1) H2 504
| - | ll C‘04.

21 22

The possibility that the cyclization was preceded by
rearrangenent was eliminated by preparation of 3-nethyl-5-phenyl-
thiazolo/2,3-pb/thiazolium perchlorate 23 by cyclization of
2-phenacylthio-4-methyl=thiazole 24 as well as by cyclization of
2-acetonylthio-4-phenyl-thiazole 25 (7).

S._ S
L0 ) e |YW s
H.C 0PN py, W) PCA Py 1)PCA N %
3 3 Ph
CJoéJ
24 | 23 e

Benzothiazoles 26, similarly give cyclodehydrated products

27, with sulfuric acid (6).

' L) Ha504 % )
@-—N 0A\Ng  u)Pca mN/ . Clog

®

26 27
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However, all attempts to cyclize 2-(R-ketoaryl)-thio-
benzoxazole 28 failed, the starting natcrial being recoverszd
after treatment with sulfuric acid at 100° for 1 week (6).

2-4?3-netoalkyl/aryl)thig7-5-phenyl-l,8,4—thiadiazoles 238,
with sulfuric a2cid are reported to give the unusual S5-alkyl/aryl-
2-phenyl-5,6-dihydro-thiazolo / 2,3-b/ 1,3,4-thiadiazoliun
salts 30 (8).

o._ R . S R
%\ E jT 1) Ha504 o m N o
Ph 767 \g ) Pea Ph NSNS Cl04

29 20

ilternatively, thiazolo /2,3-b/ 1,3,4-thiadiazoliun
salts 31 are also preparcd by the action of sulfuric acid on

3-benzoylaenino~thiazol-2-thioncs 32{v).

H
NN ’j:' —n
|| H.S0 | S)
o 2304
32 3

—_—

Recently, 4-phenyl-5-B-ketoalkyl/arylbhio-1,2yd-trizzole
derivatives 33 have been cyclized with refluxing nethanolic
hydrobromic acid to thiazolo/3,2-b/-1,2,4«triazoliun salts
34 (10).
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The 5-/(B-kctoalkyl/aryl)thig/-tetrazoles 35 similarly
cyclize with concentrated sulfuric acid and form thiazolo

/3,2-d/tetrazoliun perchlorates 36 (8).

| n

/N\/S ) N S

VU ) dwmsee T

hira ~R i) Pca N'——g R CJOE
35



PRESENT WORK



96

Fron the foregoing discussion it is evident that the ease
of cyclisation of various heterocyclic inmino alkylthio ethers
in which the alkyl group contzins a f-keto grouping or a B=Y
double bond depends on stereoelectronic factors affecting the
ring N-atom at which cyclization occurs. As a part of our
general study of the chemistry of triheteroatomic azoles, At
was planned to study similar cyclisation on these ring systeas
and gain further insight into the reactivity, nucleophilicity
of the ring N-atoms anG the stability of the rings in such
systems.
Attempted cyelization of 2-phenacylthio-5-phenyl-1,3,4-
oxadiazole

2-Phenacylthio-5~phenyl-1,3,4-oxadiazole 37 was observed
to be very resistant to cyclization. Attempted cyclization of
37 with PCA for 15 hr. failed, the starting material being
recovered after the reaction. This could be expected on account
of the weak nucleophilicity of nitrogen at position 3 in 37. It,
however, reacted with PCA at temperatures above 1400, but only

to produce intractable tars.

—=N 05 FPh
Nlﬂ-',l By FCA
?k’ ! —__..T.* No 7eac‘-;°n-
oo
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Cyclodehydration of 2-phenacylthio=5=phenyl-1,3,4-thiadiazole

and 4-nethyl-S5-phenacylthio-3-phenyl-1,2,4-triazole

Both 2-phcnacylthio-5-phenyl-1,3,4-thiadiazole 38 and
4=-nethyl-5-phenacylthio-3-phenyl-1,2,4~triazole 39 were easily
cyclodehycroted with PC4 at 1C0° for 2 hr. and produced 2,5-
diphenyl-thiazolo‘§,3f§7 1,3y4-thiadiazoliyn perchlorate 40 anc
2,5-diphenyl-l-nethyl-thiazole /3,2-b/ 1,2,4-triazoliun

perchlorate 41 respectively,

& Ph
N—ﬁ' °j/ Ph pea R h{rﬁ‘ 5 v
pk"k NG loo Ph’g xl/\73
3Brx=9 40:x=5
29 1 X = NCHy F1 : Xz NCHS

That, the compound 40 has the structure shown and is not
the corresponding 5,6-dihydro analog obtained with sulfuric acia
(8), was cleaf from its satisfactory elemental analyses and
spectral cata, Its IR showeld absence of peaks for hydroxy
and carbonyl groups and a broad band at 1050-1110 em™% for
0104-. The lH NMR spectrun showed signals only for aronatic
protons at 6 7.53 - 8.20 and no signal for any non-aromatic
proton was observed,

Similar to the reaction of 42 with aqueous KCN %o forn
the dequaternized product 43 as reported recently (11), the

reaction of 40 with methanolic KCN was carried out, in order to
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confirn its structure. Methanol was used due to the

insolubility of 40 in water,

jei:j 0q, KCN _ :\N: g
ClOé? N
42 +3

Compound 40 on treatment with equinolar amount of KCN
in methanol as a solvent produced a dequaternized product, to
which structure 44 has been assigned based on its spectral
data. The IR showed absence of carbonyl group. The mass
spectrun showed M* ion at 326 with a fragment ion at 295
(M* - OCH3) as expected for the dompound containing an
0--CH3 group. The lH NMR showed signals for 10 aromatic protons
at 6 7.0 - 7.6, a 3H singlet at § 4.15 for the methyl group and
a 1lH singlet at § 6.30 for the olefinic proton. Since 40 is
stable to hot methanol which in fact is used as a solvent for
crystallization, compound 44 nust have been formed by the
action of methanol on the initially formed dequaternized
product 45,
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Compound 41 analysed satisfactorily for its elements.
Its IR exhibited a broad band at 1060-1110 cn~l for C10j .
Its 1H WMR spectrum showed a 3H singlet at 6 4.23 for the
nethyl protas along with multiplets for 10 aromatic protons at
6 7.56 - 7,90 and § 7.93 - 8,23,

Py

__ﬁv/k\rSLHa
Ph U\GLJ C'oﬁ- oL L\ /J? W

J_—__—_,—-' CH3

Ph
4 7

—

N

Thatythis compound has the structure 41 and not the
alternative structure 46, was clear from the formation of 47
by its reaction with methanolic KCN. The compound 47 in its
IR spectrunm showed a sharp peak at 1700 cn~l for a carbonyl
group, The LH NMR exhibited a 3H singlet at § 2.23 for the
S-CHgprotonsyanother 3H singlet at 6 3.30 for the N-CHgz Protons,
a 1lH singlet at § 6,53 for the olefinic proton and a 10H

multiplet at 6§ 7.0 - 7,7 for aromatic protons. Its mass
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Spectrun showed the expected M* ion at 323 along with the
fragnent ion at 276 /M* -S<CH,/. The structure 47 for the
comnpound was further supported by the presence of fragment ions

at 175 and 148 for 48 and 49 respectively.

J

—t - B
Ph ' ——_W
/SCH5 N—N !
(\ /g ] Ph-C=C~5CHy
Ph” "\l TOoH
CHS CH3
v o “ 4H

Compound 47, is expected to be formed by the rearrangement

of 51 formed similar to 44.

|
41 ken ! nt— — Ph Joiian
1-*—*’%,&,"“*? e ol

'/1\\5//
CH:N ; ! cﬂs\mHs
50 51

Cyclodehydration of 2-/(2' -oxocyclohexyl)thio/-5-phenyl=-1,3,4~

thiadiazole and 4-methyl-5-/(2!-oxocyclohexyl)thio/-3-phenyl-

1,2,4-triazole

Both 2-/(2!'-oxocyclohexyl)thig/-5-phenyl-1,3,4-thiagdiazole
52 and 4—methyl-5-[22'-oxocyclohexyl)thig7—5-pheny1-1,2,4-
triazole 53 were readily cyclodehycrated with PCA at 100° to
2-phenyl-5,6,7,8-tetrahydro-benzo (b) thiazolo /2,3-b/
1,3y4~thiadiazolium perchlorate 54 and l-methyl-2-phenyl-5,6,7,8-
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tetrahydro-benzo (b) thiazolo /3,2-b/ 1,2,4-triazolium

perchlorate 55 respectively.

@ g
N-— O PcA S e |
] Troos o ey ¢
Ph 7 NX-Ng~ loo Ph7NX = cro?
4
52: X=¢ 54:X=5%
53.x-= NCH, 55 ¢ X=p NCH,

. The perchlorate 54, in its IR spectrum showed bands at
1050-60 cn~l and 1080-95 cn™l for €10,”. Its lH NMR exhibited
maltiplets at 6 2,06 - 2,40 and 2,93 - 3.40 for 8 methylenic
protons and at § 7.50 - 7.83 and 7.93 - 8.20 for 5 aromatic
protons.

Compound S5 similarly showed a broad IR band at
1045-1110 ca~! for €10,”.  Its 1H NMR showed a 3H singlet at
& 4.10 for the methyl protns,8H nultiplets at § 2.0 - 2,36 and
2.83 = 3.20 for the methylene protons and a 5H singlet at § 7.7
for the aromaﬁic protons.
Cyclodehydaration of 5-phenyl-2-/21 (3! ,4'~dihydro-1!(2'H)-
nangthalenonzllthioZ-l,§,4-thiadiazole and 4-methyl-3-phenyl
—51/5'(3'44':gihydro-l'(2'H)-naphgpalenonyl)thio7-l.2.4-triazol;_

AS-Phenyl-Z-[E’(3',4'edihydrq-l'(2'H)¢nqphthalenonyl)thig7~
1,3,4-thiadiazole 56 and 4-methyl-3-phenyl-5-/2'(3',4'-dihycro-
l'(2'H)-naphthalenonyl)thig7-l,2,4-triazole.Qz were prepared

by the action of 2-chloro-3,4-dihydro-1(2H)-naphthalenone
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on 2-mercapto-5-phenyl-1,3,4-thiadiazole 58 (12) and
S-nercacto-4-methyl-3-phenyl-1,2,4-triazole 59 (13) respcctively
in refluxing benzene in presence of triethylanmine: Both 56
and 57 in their IR spectra showed band at 1680 en™t for the
carbonyl group. Their mass spectra showed M¥ ions at 338 for
56 and 335 for 57. The 1y NMR of 56 showed rmultiplets for

9 aromatic protons at § 7.1 - 7.6 and 7.8 - 8,2 and for

4 nethylene protons at 6§ 2.33 - 3.50 and an ABX quartet for the
methine proton centered at & 5.10, while that of 57 exhibited

a 3H singlet at 6 3,66 for the nethyl srotns,an ABK quartet

for the methine proton centered at G 4.60, a 4H nultiplet at

6 2.0 - 3.33 for the methylene protons and a multiplet for S
aromatic protons at 6§ 7.06 - 8.06.

o =z
C N
i l N—N ©Ox N
iy WAL
P"‘ \X/\ SH (Csz)s
58: x=g 56 X =
S : X= NcH, 571 X=NCHy

Compounds 56 and 57, on treatment with PCA at 1.00°
were cyclodehycrated to_9,10-dihydro-Z-phenyl-[Haphthéi1,2-df_
thiazolo/ /Z2,3-b/ 1,3,4-thiadiezoliun perchlorate 60 and 9,10-
dihydro-l-methyl-2-phenyl—[§aphtho(l,2-d)thiazolg7 /8,2%b/

1,2,4-triazoliun pePchlorate 61 respectively.
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Compounds 60 and 61 showed IR bands for perchlorate at
1040-1095 cn~t and 1050-1110 cm-l respectively. The lH NMR
spectrun of 60 showed a singlet for 4 nethylene protons at
& 3.36 and nultiplets at § 7.33 - 8.23 for 9 aromatic protons.,
Similarly 61 exhibited in its ‘H NMR spectrun a singlet at
& 3.33 for the 4 methylene protonsy another singlet at § 4.20
for the nethyl protons and multiplets at § 7.40 - 7.60,

7.80 - 8,03 and & 8,30 - 8,70 for the 9 aromatic protons. The
lH NMR spectra of 60 and 6l are quite interesting as in both the
compounds, all the 4-methylenc protons appear tc be nagnetically
equivalent, and so do not couplc with each other, thus giving
rise to 4H singlets.,

The perchlorates 60 and 61 were subjected to reaction with
methanolic KCN. Equimolar amounts of KCN and 60 in nethanol
at 70° gave the compound €2 similar to 44 while treatnent of
61 with equivalent amount of methanolic KCN produced the

compound 63 sinilar to 47.
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The d@qguaternized compound 62 in its mass spectrum showed
M* ion at 352 along with a fragment ion at 321 (M* - OCHg) «
The lH NMR spectrum showed a 3H singlet at § 4.26 for the methyl
protons,a 4H multiplet for methylene protons at § 2.53 - 2.96 and
nultipletsfor 9 aromatic protons at 6 6.96 - 7.4 and § 7.63 - 8.0.
Compound 63 showed a peak at 1700 en~l for the caroonyl
group in its IR spectrun. Its “H HMR exhibited a 3H singlet at

6.2.26 for the S-CH3 protons , another 3H singlet at § 3.46 for

b
N-CH3 protonsya nultiplet at § 2,50 - 3.20 for 4 methylene
protons and signals for © aromatic protons at G 6.2 - 7.73 .

The mass spectrum was in agreensnt with the structure 63

giving M* ion at 349, and fragment ion at 302 (M* - SCHB). In
addition, fragment ions at 174 and 128 for 64 and 65 respectively

were also observed as expected.
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Compounds 62 and 63 nust have been forned sinilar to 44

and 47 respectively.

Cyclization of 2-allylthio-5-phenyl-l,3,4-thiaciazole and

S=-allylthio-4-nethyl-3-phenyl-1,2,4-triazole

Both 2-allylthio-5-phenyl-l,3,4-thiadiazole 66 and
S-allylthio-4—mcthyl-8-phcnyl-l,2,4-triazolc 67 were easily .
cyclized with PCA at 100° to procuce 5,6-dihydro-5-nethyl-2-
phenyl-thiazoloéz,s-g7l,3,4—thiadiazolium pcrchlorate 68 and
5,6-dihydro-1,5-dinethyl-2-phenyl-thiazolo /3,2-b/1,2,4-

triazoliun perchlorate 69 respectively.

He
D CH
N —n ——iy 3
I /[’/’ Pca N o
P"\LX/LS v o Ph/mx/'k‘siiih Cloq’
Ha

lvo

X
"

6‘:)(:5 6_8'. S



111

The cyclized perchlorate 68 showed a broad band in IR

at 1055-1110 cn~! for €107 . In the ' WMR spectrum, it showed
a 3H doublct at 6 1.96 (J = 7 Hz) for the nethyl protons, a
1H multiplet centered at 6 §.33 for the nmethine proton Hg
a nultiplet for 5 aromatic protons at § 7.33 - 8.03, a 1H
doublet of doublet at & 4,5 (J = 8 and 12 Hz) for the proton
Hp trans to He and another 1H doublet of doublet at & 4.0
(J = 10 and 12 Hz) for the proton Ha cis to Hee Thus it appeers
that the geninal coupling constant for Hq - Hp is 12 Hz while
the vicinal coupling constants for Hp - H, (trans) is 8 Hz
and Hg - Hy (cis) is 10 Hz.

. The compound 69 similarly showed in IR a broad band at

1055-1085 cn™t

for Cl0;. Its 'H NMR exhibited a 3H doublect

at 6 1.86 (J = 7 Hz) for the ncthyl protms.at position 5, a 3H
singlet at 6 3.90 for the N-CHg protons, a 1H doublet of
doublet at § 4.03 (J = 8 and 12 Hz) for one of the methylenc
protons Hp @another 1H doublet of doublet at 6§ 4.53 (J = 8 and
12 Hz) for the other nmethylene proton Hpsa 1H nultiplet at

6 5.2 for the-methine proton and a singlet at 6 7.76 for the

5 aromatic protons. It thus appears that the geminal coupling
constant for Hy-Hyp is 12 Hz while the vicinal coupling constant
for Ha-H, and Hp-H, is 8 Hz.

Cyclization of 2-methallylthio-5-phenyl-1l,3,4-thiadiazole and
S-methallylthio-4-methyl-3-phenyl-1,2,4-triazole

Both 2-methallylthio-5-phenyl-l,3,4-thiadiazole 70 and
S5-nethallylthio-4-methyl-3-phenyl-l,2,4~triazole 71 were casily
cyclized with PCA at 100° to forn 5,6-dihydro-5,5-dimethyl-2-
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phenyl-thiazolo/2,3-b/ 1,3,4-thiadiazoliun perchlorate 72 and
5,6-dihydro-2-phenyl-1,5,5-trincthyl-thiazolo [5,2-27 1,2,4-

triazoliun perchlorate 73.

Hf, @ CH&

NN Pcs N <
R Y <8 § |7
PhoNX N5~ too” Ph” XN 104

71z X =NCiHy 722 X=INCH;

Compound 72 showed IR bands at 1035-50 cn™l and 1065-.
1110 cnm™! for C104”. The 18 nuRr spectrun showed a 6H singlct
at 6 1.96 for the 2 methyl groups, a 2H singlet at € 4.30 for
the 2 nethylene protons and nultiplet for 5 aromatic protons at
s 7.6 - 8.16,

Similarly, the perchlorate 73 showed in its IR, broad
band at 1045-1100 cn~t for 0104'. Its lH NMR spectrun
exhibited a 6H singlet at 6 1.93 for the two methyl groups at
position 5, a 3H singlet at § 3.93 for the N-CH3P?0tQQ§a 2H
singlet at 6 4.26 for the nethylene protons and a singlet at
S 7.80 for 5 aromatic protons.

It is interesting to notc that in both the compounds 72
and 73, the methylene protons are magnetically equivalent and
thus appear as a singlet. Also both the methyl groups at
the position 5 are equivalent and so give a sharp 6H singlet

and not two 3H singletse.
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Reaction of 2-phenacylthio-5-phenyl-l,3,4-oxadiazole 37 with PCA

(a) At _100°

Compound 37 (0.300 g, 0.00L M) was treated with PCA (70%)
(3 ml) and the mixture was heated on water bath for 15 hr. Th.n
the reaction mixture was diluted with water, The solid which
separated out was filtered and washed with water.

This solid gave superimposable IR spectrum and undepressed
nixed m.p., with the starting compound 37.
(b) At _140°

A mixture of compound 37 (0.300 g; 0.001 M) and PCA (3 ml)
vas heated in an oil bath at 140° for 4 hr., Dilution of this
reaction mixture with water gave a reddish black solid. This was,
:Jowever, observed to be a complex mixture (TLC) which could not be
separated either by chromatography or by crystallization.,
Reaction of 2-phenacylthio-5-phenyl-l,3,4-thiadiazo;g_§§7with PCA

Compound 38 (0.100 g; 0.0003 M) was taken in PCA (1 ml)
and the mixture was heated on water bath for 1 hr. After cooling,
methanol was added to the reaction mixture when a white solid
separated out. The solid was filt:red, washed with water and
crystallized from methanol + chlorofornm (1:1) into fine needles
of 40 (0.09 g; 70%).

Compound 40: m.p. 245°
Flemental analyses: Found, C: 48.51%; H: 2.93%; N: 7+14%;

016H11C1N2°4sz requires, C: 48.67%;

H: 2.78%; N: 7.10%.
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UV (Methanol): W\ ax 272 nn (log & 4.77); K\, 209 nn
(log = 4.91).
IR (»™™M°y: 1600 (¢ = N); 1050-1110 (c10,7)
" max '
1

H NMR (TFA): 7.53 - 8.20 (myl1H, aromatic).

Reaction of 4.methyl-5-phenacylthio-3-phenyl-1,2,4-triazole 39

with PCA

A mixture of compound 39 (0.100 g; 0.0003 M) and
PCA (1 ml) was heated on water bath for 30 minutes. The
solution became clear., This was cooled and methanol was added
when a solid separated out. It was filtered and recrystallizc
from aqueous methanol into fine needles of 41 (0.110 g; 85%).
Compound 41 : m.p. 214"
Elemental analyses: Found, C: 52.34%; H: 3.44%; N: 10.81%.

Cl7Hl4ClN304S requires, C: 52,11%; H:3.58%;
N: 10.73%.
U.V, (Methanol): W\pox 211 nn (log e 4.45); Mipax 242 nm
(log ¢ 4.38).

L&(),Z:i"l) : 1060-1110 (C10,")
15 NMR (TFA): 4.23 (s, 3H, methyl), 7.56 - 7.90 (m, 9H) and

7.93 =~ 8423 (ny 2 H) (aromatic).
Reaction of 40 with methanolic KCN

To a mixture of compound 40 (0.200 gj; 0.0005 M) and
KCN (0,033 g; 0.0005 M),3-4 drops of water was added. Then
nmethanol was added till a clear solution was obtained. This

was heated at 70° for 2 hr. The reaction mixture was then
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exXtracted with chloroform (2 x 50 ml). The chloroform extract
was washed with 10% sodium carbonate solution and then with
water. It was then dried (Na2804). The residue obtained after
evaporation of chloroform was then chrom~tographed over silica
gel (1:20). Elution with benzene + cthylacetate (19:1) gave

the compound 44 (0.090 g; 55%).

Compound 44: m.p. 949,

Elemental analyses: Found, C: 62.71%; He 4.09%; N: 8.80%.
C17H14N508, requires, C: 62.57%; H: 4.29%;
N: 8.59%¢

;3(1?h1°r°f°rm): 1590 and 1600 (C = N)
max

14 NMR (CCly): 4.15 (s, 3H, methyl); 6.30 (s, lH, olefinic);
7.00 - 7.60 (m, 1OH, aromatic)

Mass 3 326 (M* ion).

Rcaction of 41 with methanolic KCN

A clear solution of compound 41 (0.200 g3 0.0005 M),
KCN (0,033 g3 0.0005 M), 3-4 drops of water and sufficient
methanol was heated at 70° for 2 hr. Then a similar work out
as above gave ﬁhe compound 47 (0.115 gj; 70%).

Compound 47: m.p. 118°
Blemental analx§es: Found, C: 66.98%; H: 5.60%; N: 12.80% .

C1gHy7N308 requires, C: 66.87%; H: 5.26%;

N: 13.00%.
nujol
IR, ): 1600 (C = N); 1700 (C = 0).
15 MMR (cCl,): 2.23 (s, 3H, S-CHg protons); 3.30 (s, -3H,
N-CHs'protons); 6,63 (s, 1H, olefinic);
7.00 = 7.7 (o, 10H, ~romatic).

Mass: 323 (M* ion).
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Reaction of 2-[?2'-oxocyclohexyl)thig7-5-phenyl-l,3,4-

thiadiazole 52 with PCaA

Compound 52 (0.200 g; 0.,0006 M) was treatec with PCA
(2 ml) and heated on water bath for 15 minutes. The starting
compound 52 went into solution after 2 minutes and again a
solid appeared after 5 minutes. Methanol was then added,
The solid was filtered and washed with water. It was
recrystallized from chloroform + methanol (1:1) into fine
needles of 54 (0.200 g; 77%).

Compound 54 : p,p, 284°.

Elemental analyses : Found, C: 44.83%; H: 3.67%; N: 7.303.
Cy4H; 3C1N50,8, requires, C: 45.10%;
H: 3.49%; N: 7.52%.

UV_(Methanol)s ¥y ... 211.5 nn (log £ 4.00); M 272 nn

max
(log & 4.25).
nujol . . -
@('umax ) # 1050-1060 (C10,7).
lﬂ NMR (TFA): 2.06 - 2.40 (m, 4H) and 2.93 - 3.40 (m, 4H)
(methylene protons); 7.50 - 7.83 (m, 3H) and
7,93 -,8,20 (n, 2H) (aromatic).

Reaction of 4-methyl-5-/{2'-oxocyclohexyl)thio/-3-phenyl-

1,2,4-triazole 53 with PCA

Compound 53 (0.250 g; 0.0008 M) and PCA (2.5 ml) were
mixed and heated on a water bath for 15 min. The solution was
then cooled and methanol added when a solid was thrown out.

It was filtered and washed with water. It was then
crystallized from aqueous methanol into colourless crystals of

55 (0.150 g3 47%).
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Compound 5 : lePa 186°.

slemental onalyses: Found, C:48.537%; H: 4.624%; N: 1l.44/4.

ClSHl6ClN304S requires, C: 48.71%; H: 4.33%3
N: 11,36%, N
UV (Methanol): Mpax 207.5 nm-(log ¢ 4.15); M\ ox 234 nn (log < 4.18)

nujol ) -
IR( ¥, $ 1 - .
“")max ) 045 1110 (ClO4 )

lg MMR (TFA): 2.0 - 2.36 (u, 4H) ond 2.83 - 3.20 (n, 4H)
(methylene protons); 4.10 (s, 3H, methyl); 7.70

(s, 5H, aromatic).

Preparation of 5-phenyl-2-[§'(3',4'-dihydro—l'(ZH)-naphthalenonyl)

thig/-1,3,4~thiadiazole 56

a

» nixture of compound 58 (0.970 g; 0.005 M), 2-chloro-3,4-
dihydro-1(2H)-naphthalenone (0.900 g; 0.005 1) and triethylanine
(0.505 g; 0.005 M) was refluxed in benzene (20 nl) for 3 hr. The
reaction nixture was then washed successively with water, 10%
sodiun hydroxicde solution and agein with w-ter nnd finally cdried
(Nag804). The residuc obiainecd after cvaporntion of benzene wans
then crystallized from pet.ether + benzene (1:1) into colourless
crystals of 56 (1.25 gj; 75%).

Compound 56 : n,p., 138°.

Elemental analyses: Found, C: 64.174; Hs 4.39%; N: 8.51% .

C18H1 4N508o requires, C: 63.905; H: 4.14%;
N: 8.28%.
IR (p;‘;i"l) : 1600 (¢ = N); 1680 (C = 0).
11 MR (CCl,): 2.33 - 3.50 (m, 4H, necthylene protons);
5.10 (iBX quartet, 1lH, methine); 7.10 - 7.60 (m, i)

and 7.80 - 8,20 (m, 2H) (aromatic).
Mass : 338 (M* ion).
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Preparation of 4-methyl-8-phenyl-5-[§'(3',4'-dihydro-1'(2'H)-

naphthalenonyl)thio7-l,2,4-triazole 57

A nixture of compound 59 (0.955 g; 0,005 M), 2-chloro-
3,4-dihydro-1(2H)-naphthalenone (0.900 g, 0.005 M) and
triethylanine (0.505 g3 0,005IMwas refluxed in benzene (20 nl)
for 3 hre The reaction mixture was then successively washed
with water, 10% sodium hydroxide solution and again with water.
It was then dried (NagSO4q). The residue obtained by evaporation
of solvent was pagsed through a silica gel (1:20) column. The
compound 57 came in benzene + ethyl acetate (9:1). It was
obtained as a colourless oil (0.670 g; 40%).

Compound 57 .

Elemental analyses: Found, C: 68.18%; H: 4.83%; N: 12.60% -

Clng7N308 requires, C: 68.06%; H: 5.07%;
N: 12.54%.

lig.filr
¥ 1680 (c = 0).

R

max

L R (CCly): 2.00 - 3.33 (m, 4H, mcthylene); 3.66 (s, 3Hy mathyl);
4.60 (ABX quartet, J =5 and 11 Hz; 1 H, methine);
7.06 - 8,06 (n, 9H, aromatic).

Mass: 335 (M* ion).

Reaction of 56 with PCA

Conpound 56 (0.150 g; 0.0004 M) was treated with PCA(1.5 nl)
and the nixture was heated on water bath for 15 minutes. It was
then cooled and then little methanol was added. This was dilutcd
with water when a solid separated out. It was filtered, washed

with water and then crystallized from aqueous nethanol into



Colourless crystals of 60 (0.130 g; 70%).

Conpound 60: Mep. 243°

Elemental analysess: Found, C: 51.20%; H: 3.36%; N: 6.48%.
?

Cygly 3ClN5048, requires, C: 51.37%;
H: 3.09%; N: 6.663.
UV_(Methanol): Max 212 nn (log e 4.44); Mpax 285 nn
(log e 4.38).
,13_(»22}5101): 10401095 (c10,7).

5 NMR (TFA): 3.36 (s, 4H, ncthylene protons); 7.33 - 8.23

(n, 9H, aromatic).

Reaction of 57 with PCA

A nixture of compound 57 (0.200 g; 0,0006 M) and PCA (2 n1)
wvas heated on a water bath for 20 ninutes. Initially clear
solution suddenly solidified, To this solid nass, nethanol and
water were adde and filtered. The solid was crystallized fron
aqueous nethanol into needles of 61 (0.200 g3 80%).

Compound 6l: n.p., 249°.

Flenental analyses: Found, C: 54.92%; H: 4.04%; N: 9.85%.
H: 3.83%; N: 10.06%.
UV_(Methanol)s M ax 209 nn.(loge4.52); Max 273 nn (log ¢ 4.23)
IR (?2991y: 1040-1005 (c10,7).
nax
1y NMR _(TFA) : 3.33 (s, 4H, nethylene protons); 4.20 (s, 3H,

nethyl); 7.40 - 7.60, 7.80 - 8.03 and 8.30 - 8.70

(n, 9H, aromatic).
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Lieaction of 60 with methanolic KCN

To a mixture of compound 60 (0.150 g; 0.00035 M), KCN
(0.023 g; 0.00035 M) and 3-4 drops of water, methanol was
added to make a clear solution. It was then heated at 70° for
2 hr. The reaction nixture was then extracted with chloroforn
(2 x 560 ml). The chloroforn extract was washed successively
with 104 sodium carbonate solution and water. It was then dried
(Nag804) and the solvent evaporated. The residue was
chromatographed (silica gel, 1:20). The conpound 62 came in
benzene + ethyl acetate (9:1) (0.075 g3 60%).

Compound 62: m.p. 128°

Elemental analyses: Found, C: 64.56%; H: 4.32%; N: 8.13%.

C19H16N2082 requires, C: 64.77%; H: 4.54%;
N: 7.95%.

IR (,PLOTOLOTR, ;1590 (phenyl); 1610 (C = N).

max

Eﬁ_ﬂﬂﬁ (CCl,): 2.53 - 2.96 (m, 4H, nethylene protons);
4.26 (s, 3H, methyl); 6.96 - 7.4 (n, 7H) and
7.63 -~ 8,00 (m, 2H) (aromatic).

Mass: 352 (M' ion).

Reaction of 61 with PCA

A clear solution of compound 61 (0.200 gj; 0.00048 M),
KCN (0.02". g3 0.00048 M), 3-4 drops of water and sufficient
nethanol was heated at 70o for 2 hr. Then a similar workout
as above gave the compound 63 (0.130 g; 80%).
Compound 63 : m.p. 146°
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Elemental analyses: Found, C: 69.0l%; H: 5.46%; N: 12,31%.

Cootl1gligU8 requires, C: 68.77%; H: 5.44%;
N: 12.03%.

nujol,

IR (» ): 1600 (C = N); 1700 (C = 0).

nax

1H MR (CCl,): 2.26 (s, aH, $-CH, protons); 2.50 - 3.20 (m, 4i,
nethylene protons), 3.46 (s, 3H, N-CHg4 protons);
6.96 - 7.4 and 7,63 - 8.0 (m, SH, aromatic).
Mass: 349 (M* ion)

Reaction of 2-allylthio-S-phenyl-1,3,4-thiadiazole 66 with K,

Conpound 66 (0.150 g; 0.00064 M) was heated with PCA
(L.5 nl) on a water bath for 2 hr. After cooling the reaction
mixture, little methanol and excess of water were added. The
solid which separated out was filtered and washed with water.
It was crystallized with aqueous nethanol into colourless
crystals of 68 (0.160 g; 75%).

Compound 68 : n,p. 168°.

Elemental analyses: Found, C: 39.33%; H: 3.42%; N: 8.14%.
C11H11C1N20452 requires, C: 39.46%;
 H: 3.29%; N: 8.37%.
UV_(Methanol)s W\,x 208 nn (log & 4.27); M pax 318 nn (log < 4.
lg_(ynujol): 1055 - 1110 (C10,”)
" max

14 NMR (TFA): 1.96 (4, J = 7 Hz; 3H, methyl); 4.0

(ad, J = 10 and 12 Hz; 1H, He); 4.50 (da,

J = 8 and 12 Hz; 1H, Hp); 5.33 (m, 1H, He);

7.33 - 8.03 (m, 5H, aromatic).
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Reaction of S5-allylthio-4-nethyl-3-phenyl-1,2.4-triazole

67 with PCA

The conpound 67 (0.250 g; 0.0011 M) was ~ixed with
PCA (2.5 1l) and the mixture was heated on a water bath for
2 hr. After cooling this reaction uixture, little methanol
and excess of water were added. This was cooled to 0° overnight
when a solid separated out. It was filtered and recrystallized
from aqueous methanol to give compound 69 (0.250 g; 704).
Compound 69 : m.p. 138°.
Elemental analyses: Found, C: 43.56%; H: 4.33%; N: 12.80%.
CyoH7 4C1N30,48 requires, C: 43.44%;
H: 4.227%; N: 12.67%.
UV_(Methanol): Whpax 210 nn (log e 4.023); Mpax 249.5 nn
(log g 4.12).

IR ,)0dy: 1085 - 1085 (C1047)
nax

4 NMR (TFA): 1.86 (4, 7 = 7 Hz; 3H, methyl at position 5);
3.90 (s, 3H, N - CHg protons); 4.03 (dd, J = 8 and
12 Hz; 1H, Hy); 4.53 (dd, J = 8 and 12 Hz;
\1H, Hp); 5.20 (m, 1H, H.); 7,76 (s, 5H, aromatic).
Reaction of 2-methallylthio-5-phenyl-1,3,4-thiadiazole

70 with PCA

Compound 70 (0.200 g; 0.,0008 M) was heated with
PCA (2 ml) at 100° for 1 hr. After cooling the reaction
mixture, little methanol and a large excess of water were
added. A solid which separated out was filtered. It was
crystallized from aqueous methanol to irregular crystals of 72

(0.155 g3 55%).



l »
Conpound 72 # n.p. 197°. ] 26

Elenental analyses: Found, C: 41,11%; H: 3.92%; N: 8.16%.

C1oH; 5Cllp048, requires, C: 41.32%;
H: 3.73%; N: 8.03%.
UV (Methanol): ¥\ .x 210 5 nm (log ¢ 4.24); Wax 318 nn
(log ¢ 4.19).

nujol _
IR (v ): 1035-1050 and 1065-1110 (C10,7).
nax

Y R (TFA): 1.96 (s, 6H, 2-methyl groups at position 5);
4.30 (s, 2H, nethylene protons); 7.60 - 8.16

.(n, SH, aromatic).

Reaction of S-methallylthio-4-methyl-3-phenyl-1,2,4-triazole
71 with PCA

The conpound 71 (0.200 gj; 0.0008 M) was heated with

PCA (2 nl) on a water bath for 2 hr., After cooling the reaction
nixture, little methanol and cxcess of water were added to it.
This was cooled at 0° for 8-10 hr. when the crystals of 73
separated out. It was washed with cold water.
Yield: (0.070 g3 25%).n.p. 143%
Elenental anélxses: Found, C:44.86%; H: 4,50%; N: 12.30%.

C13H16C1N5048 requires, C: 45.15%;

H: 4.63%; N: 12,16%.
UV (Methanol): Wapax 208 nn (log & 4.07); Wapax 249 nn.

(log ¢ 4.14).

.I_R(u““j°l) : 1045 - 1110 (Cl04™)
v omax .

lH'NMR (TFA): 1.93 (S, 6H, 2-nethyl groups at position 5);

3.93 (s, 3H, N=CH, protons); 4.26 (s, 2H,

3
methylene); 7.80 (s, 5H, aromatic).
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CHAPTER IV

THERMAL REARRANGEMENT OF 1,3,4 —
OXADIAZOLE DERIVATIVES™




INTRODUCTION



128

Oquy hetergcyclic systems incorporating the groupings
-0 - g ~y =0 - g =y = N = N- in their ring structures are known
to eliminate COg,y soz, N2 respectively at elevated temperatures by
thermal cleavage of the ring system.. Thus 1,2,4-0xadiazol-5-ones
la (1), 1,2,3,5-0xathiadiazol-2-ones 1b (2) and tetrazoles 1¢
(3y4) are thermally unstable, and decompose when heated, extruding
a molecule of COg, S0p and Ny respectively, and forming the 1,3
dipoles 2 . These dipoles are known to dinerige (5) or cyclize
throuzh the isomeric 1,56 dipoles or rearrange to the carbodiimides 3.
These 1,3 dipoles can also be trapped with the usual olefinic or

acetylenic dipolarophiles (5).

C-x v N
Ar—{ } — ap& ~—— A,—< — Ar-Nzc=pN-a,
Nc)
g
| ! |
Ay 0 Ay Ay 3
1:Q: X-yz ~o-&- 2

b;xpy=-o-§-

P

C:iX~-Y=2 - N=N-

R ;
N n N
| ]]
a R Ar SN~ Ry a,J\N
| H
Ay |

The temperature required for thermal cecomposition of
‘hese heterocycles depends on the ring system concerned and the

various substituents attached to it. Thus compounds with
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structure la are decarboxylated only above 220% compounds 1b
lose 505 even at 80-100° while structurcs ilc eliminate N, only
at 180-200° (1-4).

Oxazol=5-ones 4a (6) and 1,3,4-oxadiazol-2-ones 4b are
also known to decarboxylate thermally into the corresponding

2,5 disubstituted oxazoles and 1,3,4-oxadiazoles respectively.

R,T/O\/o - Ryﬁzo\vfaq Hkr/O\To
——> {
N—2Z__R, A vv——~~l N—=NC P
lol
4@ 1 Z=CH ox R Sz =ch o. CR D
btz L:Z=nN -

The 1,3,4-oxadiazol-2(3H)-ones with alkyl or aryl
substituents in 3 and 5 positions are thermally quite stable.
Sauver and Meyer (7) reported that 3,5-diphenyl-l,3,4-oxadiazol-2
(Sh)-one § can be daistilled unchanged at 300% Reimlinger et al.
(8) have also found several 3,5-disubstitutea alkyl/aryl
derivetives of 1,3,4-oxadiazol-2 (3H)=-ones to be thermally
stable upto 250°. However, with an acyl or similar substituent
in 3-position, the thermel stability of oxadiazolone ring systen
is rezduced., Thus, Stolle and Krauch_(9) reported the thermal
decarboxylation at 280° of 3-aroyl-5-aryl-l,3,4-oxadiazol-2(3H)-

ones 7 to give 2,5-diaryl-1,3,4-oxadiazoles 2.



150

/w,\ Q = Ol—o» Tg:)? —» o
T ey o)ﬁ/j SN
{ = ;

R = H ore NO,
The reaction proceeds by thermal fragnentction of the

N
| o

oxadiazolone ring system to eliminatz a molecule of 002 followed by
cyclization of the 1,5 dipole 8 thus formed.

‘Recently Golfier et al. (10) reporﬁed the thermal conversion
st 210.15O in 2 hr., of B-alkoxycarbonyl—éaphenylfl,3,4goxediazol-2
(3H)-ones 10 to 3-alkyl-5-phenyl-1l,3,4-oxadiazol-2(3H)-ones 11 with
» net loss of COye They suggested the following mechanism for this

transformatione.
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iﬂ, X
N—=N - R,



This mechanism, like that for the thermal decomposition
of 7, involves the elimination of COp by ring opening of 10 to
produce the 1,3-diple 12 which cyclizes to 14 through the
isomeric 1,5-dipolar species 13, Comnound 14, under the reaction
conditions, is known for its 1,3-alkyl migration to form 11(11).
The internediate formation of 14 is confirmed by isolation of
15 and 16 (10,12) when the thermolysis is carried out in
presence of methylene iodide and alkyl halides respectively.
This mechanism, thus involves the thermal fragmentation of the
oxadiazolone ring system at 215° itself, as ageainst the higher
tenperatures of 280° being required for the decarboxylation of
Lo

However, Golfier et al. observed that 3-phenoxycarbonyl-
S5-phenyl-1,3,4-oxadiazol-2(3H)=-one 17 refused to decarboxylate
even at 250° for 2 hr. while temperature, as high as 300°, was
required for the thermal decarboxylation of 3-¢thylthiocarbonyl-
S5-phenyl-1,3,4-oxadiazol-2 (3H)-one 18 to vroduce 2-ethylthio-5-
phenyl-1,3,4-oxadiazole 19.

(8]
e
Bl gy
A G T2 Pu’ko/\scsz_
ie 1q

_— —_—

No explanation has been given by them for these

significant observations.
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Due to the anomalous behaviour towards thermolysis of
substituted triheteroatomnic azoles as exemplified by the different
tenperatures required for the thermal decarboxylation of 7 and 10,
it was thought of interest to scrutinize the thermostability of
3,5-Gisubstituted 1,3,4-oxadiazol-2(3H)-one ring system at 220°.
The thermal stabilities of 7 and 10, with electronically similar
substituents at position 3, would be expected to be alike, It
has been observed that 3-benzoy1-5-phenyl-1,3,4-oxadiazol-2§(BH)-
one .29‘ is quite stable at 2209, more than 80% being recoverzd

O
" )&\Ph ?L
|
PR 0’/Lb Pkr(:o,/' Ph
20 21

after 3 hr. by column chromatography. TLC indicated less than
10% conversion to 2,5-diphenyl-l,3,4-oxadiazole 2l. Only above
250°, the rate of decomposition of 20 was significant and at
280-300°, 20 was smoothly converted to 21 in 4 hr.

Thus, this observation, along with the earlier reports of
Sauer and Mayer (7), Remlinger (8) and Stolle (9) confirmed that
the oxadiazolone ring system is fairly stable at 220° and

temperatures above 250° are required for its thermal cleavage.
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The mechanism suggested by Golfier et al,(10) for the
thermal transformation of 10 %o 1l with a net loss of COg
cannot explain the thermal stability of 17 even at 250° as well as
the higher temperature of 300° which is required for the
decarboxylation of 18. According to their mechanism, the thermal
stability of the oxadiazolone ring in 17 . 18 would not be
expected to be altered by a change in Rl in 10 from alkyl to aryl
or replacing ORq in 10 with SCZHS; this, however, is contradictory
to their observations.

It thus became clear that the above reactions do not
proceed according to the mechanism suggested by Golfier et al.(10)
involving the cleavage of the ring systeh. It appeared more
reasonable that the COy that is lost, must be abstracted from the
side chain alkoxycarbonyl group.

An alternative nechanism, as shown beclow, can be V/
suggested to accomnmodete all the observations mede by
Golfier et al.(10). This mechenisii involves thermal expulsion
of COg from the alkoxycarbonyl side-chain (and not by the cleavage

of the oxadiazolone ring systea) through a 6-mebered transition

state.
R
N——N " A N—N N— - R
Y N - e Sy I S 4
h ~o 220° PR N0 o-R Ph/ )



This mechanism also explains the thermal stability
of 17 since the stable 0-Cglg bond would not be expected to
cleave thermally under the gonditions reported. Also at high
temperatures (3000), the 05-0 bond in 18 breaks before the
stronger S-CZH5 bond and thus 18 undergoces ring fragmentation
by the mechanism suggestcd by Golfier ct al. (10) to form 18.

In order to gain further support for such a mechanism
involving a 6-nembered transition state, thermolysis of
3-ethoxycarbonyl-5-phenyl-1l,3,4-oxadiazol-2(3H)-thione 22
and 3=-ethoxycarbonyl-benzoxazol-2(3H)-thione 23 (13) was
carried out at 170° for 3 hr. Both 22 and 23 under thecse
conaditions, underwent smooth elimination of COg to give
2-ethylthio-5-phenyl-1l,3,4-oxadiazole 24 (10) and 2-ethylthio-
benzoxazole 25 (14) respectively. Ccompounds 24 and 25 were
characterized by their identity with authentic samples prepared
by ethylation of 5-phenyl-1l,3,4-oxadiazol-2(3H)-thione 26 (15)

and benzoxazol -2(3H)-thione 27 (16) respectively.
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0°%s

—_—

That, compounds 22 and 23, preparcd by the treatment of

26 and 27 respectively with c¢thyl chloroformate either by
refluxing neat or in benzene containing triethylanine, have
the structures shown and not the alternative thicarbonate
structures such as A becane clear from the study of their
IR spectra in comparison with those of reclated substances.

The high valuss of U, at 1760 en™ in 22 and 1770 cn=) in 2

W

aS sharp pcaks were sinilar to the side chain Y,of 10-

(R = CoHg) (10) which shows a sharp singlet at 1760 cn-L
apart from the ring doublet Vo at 1800 and 1820 cm'l.

In contrast, Vo of thicarbonates fall in the range 1718~
1734 cm'l‘(l7)_CH3SCOOCH3 is reported to show a singlet at
1718.8 cnl (17), CgHSCO0CoHs, prepared by the action of
thiophenol on ethylchloroformate under basic conditions,

showed 2223 at 1725 cm'l.

U 4T g
Ph™ ° GHg P o'l\s [:::[:;ji\

fo A
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Stolle and Krauch (9) prepared 20 by benzoylation of
S-phenyl-1,3,4-oxadiazol-2(3H)-onc 28. Alternatively, 20 was
prepared in quantitative yield by the rcaction of 2-cthoxy=-5-
phenyl-1,3,4-oxadiazole 29 (18) with excess of benzoyl chloride,
either neat at 200° for 3 hr. or in boiling xylene for 24 hr.
The reaction proceeds via the quaternary intcrmediate 30 formed

initially, which eliminates ethyl chloride to give 20.

° o
Hpy A
N1 : N —@: ‘ N—N " p
“ " be_ou_> “\ C” (g,( :S‘_’ﬁEg ”\ /L h
Ph/\o N0 CZH5~ Ph” 0/\‘8\/(‘2”5‘ P‘\/ 6o
24 3o 20

It has been observed thzt when the proportion of benzoyl
chloride used in the above reaction was reduced, 21 was formed
in incrcasing amounts along with 20. As 20 has been proved not to
deconpose at the reacticn conditions mentioned above, it could not
bé an intermediate in the formation of 21. Also 20 was found to
be stable to the treatment of refluxing benzoyl chloride,
benzoic anhydride and benzoic acicd at 200°., Therefore, it was
suspected that benzoic anhydride, which could be formed by the
action of benzoyl chloride on benzoic acid might be playing sone
role in the formation of 21; benzoic acid, in turn, could have

been formed by hydrolysis of benzoyl chloride with moisture.
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So the rcaction of benzoic anhyaride with 29 was carried
out. In this reaction at 210-15° for 3 hr., the major product
was 21 (67% yield) along with 20 (33% yield). The products were
separ ted by colunn chromatography (silica gel, 1:15 chloroforn/
pet.ether, 3:7 and 4:1) and chesracterized by mixed w.p., super-

imposable IR, NMR and M* ion with authentic samples, -

Z
different from that of Cl' ion in the benzoyl chlg§ide reaction

It thus became clear that OB, jon was playing a role

and that an intermediate or a complex was being formed which
underwent smooth thermal fragmentation at 210-15° to the 1,5~
dipolar species 33 which cyclized to 21. The following mechanisn

is proposed for the above reactione

e
F ' /‘\
[\ — Bz,0 N~ C‘/k\Ph RERS —-Qj h
Ph | NOGH m’k  Coe /“\’\‘ { ° " aHs
¢ 2 Hg s o0, Hs P, o'f.‘Ph i
i e B
= 3 B

’ O=C—0-~-¢C

2 My N —N
|
Y ‘l i I e J W
fl-® & ™ Ph

O —c—Ph i i
1" =t | 18 <
(o]
>4 35
B
= Ph TN P,
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The nitrogen atom at 3 position in 29, being sufficiently
nucleophilic, attacks a molccule of benzoic anhydride to form a

quaternary complex 31 which by the attack of OB; ion at C, forms

2
32 in equilibrium concentrations. Acduct 32 then undergoes smooth
thernolysis at 210-150 and forms the 1,5-dipolar species 33

along with the compound 34. The dipole 33 then cyclizes to el
while 34 dccomposes to produce 002 and ethyl benzoate. Small:r
quantities of 20 are formed from the quaternary complex 31 just

as in the case of 30.

In order to suppress the formation of 20 which cannot be
formed fron 2-phenoxy -5 -phenyl-1,3,4~0xadiazole 35 (19) through
the quaternary complex 36, the rcaction of 35 with benzoic
anhydride was carried out. Compound 35 was prepared by the
action of sodium phenoxide on 2—uethylsulfonyl-s-phenyl-l,3,4-
oxadiazole 38 (21) in refluxing nethyl isobutyl kestone (MIBK) for
5 hr. Equimolar quentitics of becnzoic anhydride and 35 at
210-15° for 8 hr. gave an almost quantiative yield of 21 and
phenyl benzoate separated by colunn chronatography and
characterized by éomparison with authentic sanples. Thus, now
it became certain that the reaction nust proceed through an

internediate adduct complex 37 sinilar to 32.
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In support of the above mechanism, the recaction of
2-cthylthio-5-phenyl.-1,3,4-0xadiazole 24 with benzoicanhycride
was carried out. Equinolar amounts of 24 and benzoic anhydride
at 215° for 16 hr. gove 21 (90% yield) along with the
cxpected thicethyl benzoete 39 (60% yield) (20). The
conpounds 21 and 39 were separated by column chromatography

(silica gel, 1:20; benzene and pet.cther).

N—N N—™N
Bz,0
| | ke . A | j + Phcosc +
P‘\/‘\O)\S’C;_HS- P"\ J\O N Ph le Coz

24 21 24

—
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Preparation of 3-benzoyl-5-phenyl-l,3,4-oxadiazol-2(3H)-one 20

(a) 2-Bthoxy-5-phenyl-1,3,4-oxaciazole 29 (19) (0.95 g3
0.005 M) was r=fluxed in excess of benzoyl chloride (10 ml) for
10 hr. The unr:cacted benzoyl chloride was then distilled under
reduced pressure (40 nmm); the last traces were removed under high
vacuur, A solid was obtained which was crystallized from alcohol.

Yield: 1.290 (97%) m.p. 130°/Tit. 130K9)7
(b) A mixture of compound 29 (0.95 g, 0,005 M) and benzoyl
chloride (0.7 g; 0,005 M) was refluxed in 15 nl. xylene for 24 hr.
Kylene was then distilled at 40 mm when the residue solicified.
It was crystallized from alcohol.

Yield: 1.3 g (98%)m.p. 130°

The solids obtained by methods (a) and (b) showed no
depression in their nixed n.p.

These solids showed superimposable IR, lH NMR and Mass
spectra and undepressed nixed m.p. with the authentic sanple
prepared by benzoylation of 5-phenyl-1,3,4-oxadiazol-2(3H)-onc (9).

Thermolysis of 20 .

(a) at_220°

Compound 20 (0.532 g3 0,002 M) was hecated in an oil bath
at 220° for 3 hr. under nitrogen atmosphere. The reaction
nixture wss then chromatographed over silica gel (1l:15) with
chloroform + pet.ether (3:7 and 4:1) as eluents. Evaporation of
the earlier fraction gave the starting conpound 20 (0.45 g; 85%)
while 2,5-diphenyl-1,3,4-oxadiazole 21 (30 mg; 7%) was

obtained from the latter fraction.
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Compound 21: tap. 140 /Lit. 140° (20)7

Compound 21 showed superimposable IR, lH NMR and Mass
specctra and undepressed nixed m.p. with the authentic sanple
prepared by cyclodehydration of sym.—dibenzoylhydrazine(201
(b) At 300°

4 similar thermolysis of 20 (0.532 g; 0.002 l1) was
carricd out at 300° for 4 hr. The dark residue, on passing
through silica gel column (1:15), gave the compound 21 (0.48 g; 90%
from chloroform + pet.ether (4:1) fraction.

(c) With benzoyl chloride

Compound 20 (0.532 g3 0.002 M) was refluxed in excess of
benzoyl chloride (10 nl) for 3 hr. After the recaction, benzoyl
chloride was distilled under reduced pressure., The residual
solid was dissolved in chloroform, washed repeatedly with 10%
sodiun bicarbonate solution and then with water, dried (Nag504)
and chloroform evaporated when pure starting compound 20 was
recovercde.

Yicld:0.510 g (96%).

(d) With benzoic anhydride

A nixture of compound 20 (0.532 g3 0.002 M) and benzoic
anhydride (0.904 g; 0.004 M) was heated in an oil bath at 200°
for 3 hr. Then a similgr work out as in (c) gave 0.490 g (923%)
of 20.

(e) With benzoic acid

A nixture of compound 20 (0.532 g; 0.002 M) and benzoic
acid (0.488 g; 0.004 M) was heated in an oil bath at 200° for
3 hr. Following a similar workout as in (c) gave 0.5 g (94%)
of 20.
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Preparation of 3-ethoxycarbonyl-5-phenyl-1l43,4-oxadiazol-2

(3H)-thione 22

(a) 5-Phenyl-l,3,4-0xaciazol-2 (3H)-thione 26 (16)
(0.534 g3 0.003 1) was refluxed in cxcess of cthyl chlorofornate
(10 nl) for 12 hr. The unrsacted ethyl chloroformate was then
¢istilled under reduced pressure when a solid nass was obtained.
It was crystallized from benzene + pet.ether (l:1) when colourless
necdles of 22 were obtained.

Yield: 0.525 g (70%); m.p. 147°.
(b) 4 nixture of 26 (0.534 gj; 0,003 M), ethyl chloroformatc
(0.324 g3 0,003 M) and triethylamine (0.303 g; 0.003 M) was
refluxed in benzene (20 ml) for 3 hr. The solid tricthylamine
hydrochloride was then filtered out. The filtrate was washec
with water, dried (Na2804) and benzene evaporated when a solid
was obtained. It was crystallized from benzene + pet.cther (1:1)
into fine needles of 22.

Yicla: 0.675 g (90%); m.p. 147°.

The ne.c¢les obtained by nethocs (a) and (b) showed no
depression in their nixed n.pe.
Zlemental analyses: Found C = 52.54%; H = 4.08%; N = 11.11%

CllHloN2038 requires C = 52.80%; H = 4.00%;
N = 11.20%.

UeVes 0 286 nm (log & 4.2).

nax

L.R. (1™%Y: 1770 carbonyl; 1620 (c = N).
nax

1 NMR (CDClg): 7.76 - 8.0 (m, 2H) and 7.26 - 7.56 (m, 3H)
(aromatic protons); 4.46 (q, J = 8 Hz, 2H, nethvlme

protons); 1.46 (t, J = 8 Hz, 3H, methyl protons).
2 b
MY ion: 250,
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Preparation of 3-ethoxycarbonyl-berzoxazol-2(3H)-thione 23

ConpounG 23 was preparca from benzoxazol-2 (3H)-thionc
27 (17) in 70% yicld by both the ncthods (a) and (b) sinpilar to
22, :

Compouna 23: m.p. 96° /Tit. $3-4° (13)7
Thernolysis of 22

Compound 22 (0.5 gj; 0,002 M) was heated in an oil bath at
170° for 3 hr. The reaction was acconpanied by evolution of a
gas (CO2). After the recaction, thc oil was chromatographed over
silica gel (1:20). Elution with benzene + chloroform (4:1) gave
2-ethylthio-5-phenyl-1,3,4-oxadiazole 24 (0.270 g; 65%)
MePe? 39:40%

Compound 24 thus obtained, showed superimposable IR,
lH NMR and Mass spectra ané undepressed nixed n.p. with the
authentic sanple prepared by cthylation of 26 (10).
Thermolysis of 23

Conpouna 23 (0.446 g3 0.002 M) was hcated in an oil bath
at 170°. The reaction was accompanied by evolution of a gas
(CO2). 4fter the gés evolution ceased (3 hr) the resulting
recaction mixture was chromatographed over silica gel colunn
(1:15). Elution with pet.ether + chloroform (7:3) gave 2-cthyl-
thiobenzoxazole 25 (0.32 g3 90%) m.p. 49°.

Conpound 25 showed superimposable IR, 1y NMR and mass Spectra
and  undepressed mixed m.p. With the authentic sauple

prepered by ethylation of 27 (15).



Reaction of 2-ethoxy-5-phenyl-1,3,4-oxadiazole 29 with (1:1)

benzoyl chloride

A nixture of compound 29 (19) (0.38 g; 0,002 M) and
benzoyl chlorice (0.28 g§ 0.002 1) was hecated in an oil bath
at 200° for 5 hr. The reaction nixture was then chrona tographed
over silica gel coluwn (1:15)., Zluticon with chloroform + pet.
ether (3:7) gave compound 20 (0.37 g; 70%) while 21 (0,065 g; 15%)
was obtained by evaporation of chloroform + pete.ether (4:1)
fraction.

Reaction of benzoic anhydride with 29

A nixture of benzoic anhycdride (0.452 g; 0.002 I) and
conpound 29 (0.38 g4 0,002 M) was heatcd in an oil bath at
210—15O for 3 hr. The oily mass was then chromatographed over
silica gel (1:15) column. Elution with pet.cther gave ethyl
benzoate (0.22 gj 74%). Elution with chloroforn + pet.ether
(3:7) gave the compound 20 (0.175 gj; 33%) while 21 (0.3 g; 67%)
was obtained fron the chloroform + pet.cther (2:1) fraction.

Preparation of 2—phenOXy-5-phcnyl-liglg-oxaaiazole 35

Phenol (0.207 gy 0.0022 M) was dissolveG in MIBK and
sodiun hydroxide (0.080 gy 0.002 M) dissolved in nininun
quantity of water was adced to it. Water was then removed
azetropigally and to the resulting MIBK solution 2-methyl-
sulfonyl-5-phenyl-~1,3,4-oxadiazole 38 (21) (0.448 g; 0.002M)
was added. The reaction nixture was then refluxed for 5 hr.
MIBK was then distilled under vacuun. The resicdue was then

extrocted with ether (3 x 150 al). The ether extract was then



washed with water, 10% sodium hycroxide. solution, again with
water ant dried (Na2804). Evaporation of ether gave a
coloured residue which was crystallized fron pete.ether.
Yield: Compound 35 (0.285 g; 60%).
nep. 76° /Tit. 76° (19)7

Reaction of benzoic anhydride withtgg

4 nixture of benzoic anhydride (0.452 g; 0.002 M)
and 35 (0.476 g; 0,002 M) was heated in an oil bath at 215° for
3 hr, The reaction was TLC nonitored; the starting conpound 35
disarveared after 8 hr. The rcaction nixture was then passed
through silica gel (1:10) column. Elution with pet.ether gave
phenyl benzoate (0.355 gj; 90%) while 21 (0.420 g3 95%) was
obtained from benzene + chloroforn (1l:1) fr:ction.

Phenyl benzoate, thus cobtained, was identical with the
authentic sample 'gg (IR, VPC and nixed n.p.).

Reaction of benzoic anhydride with 24

4 nixture of benzoic anhyaride (0.452 g3 0.00ZfM)and 24
(0.412 g, 0,002 M) was hcated in an oil bath at 220° for 16 hr.
under nitrogen 9thOSph:re. Then the coloured ness was
chromatographed over silica gel (1:20) column using pet.ethcr
and chloroforn as cluents. The pet.ether fraction gave thioethyl
benzoate 39 (21) (0.2 g; 60%) while 21 (0.4 g; 90%) was obtained

by evaporation of chloroform fraction.

50
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CHAPTER V

REACTIONS OF NUCLEOPHILES WITH 1,3,4-
OXADIAZOLE DERIVATIVES
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The 1,3,4-oxadiazole ring systen is cxtrenely labile
to a varicety of chemical agintse. The ring cleavage reactions
of 1,3,4-oxadinzole derivotives can be achicved by the
action of reducing ngents or by nucloephiles, Generally,

N-N bond fission takcs place with reducing agents, thus
resulting with anide fornation while with nucleophiles,
C-0 bond gets cleaved. The ring opening tendency is
controlled by the electron density at the Co or Cg aton,
which is largely dependent on the substituents.

Ring cleavage of 2,5-dialkyl-1,3,4-oxadiazoles 1
can be achicved with either an acid or a base leading to ncic

hydrazides 2 or thc respective carboxylic acics 3

=3

4 and

hydrazine (1).

10
>~ RCONHNHCOR
R &/a R\ OR

2

—

{

RCOLH+ HyNNH, +HO,CR
In gecneral it is foungéthat the aryl sd%stituted
1,3,4~-0xadiazoles are less sensitive to acids (2).
Nucleophiles like amnonia or nethyalninc also easily

cleave the 1,3,4-oxadiazole ring systen (3), HNucleophilic

attack by annonia apparently occurs at the ring carbon aton
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and produces the ring opened product 5.

~
N——N —CSN=-N= 1
Jl “ ﬂL.;. R | ‘V'ri~"" ——’R-‘C—NH-NH'C-R
. U
RTN0R | @NH3 0@ ~_! ,\l,“ o
1|
i
[
R-e= R-c=N-N=(-R
\‘(-G\I-NH_C__ — |
| " R o ¥ |
N, © NH, OH
5

Sinilar to the 2,5-disubstituted-l,3,4~Qxadiazolcs, the

ring cleavage of S-substituted-1,3,4-0xadiazol-2(3H)-oncs 3]
can be achieved by the action of nucleophiles such as annonin ,
anines (4) and hydrazine (5). The reaction path apparently
procceds via a hycrolytic ring opening with hydrazice 7
formation and the hydrazide then cleaves the renaining unchanged
oxadiazolone with the formaticn of 1l,5-diacylecarbohycdrazide 8.

'\‘._’\'FI HI.Q - ‘QOL

J]\ /i T | RECONHINHCO,H | — RCONKNH
RNp -~ o =
) ' x

) pa-

RCONHNHEO NHNH COR
The S-substituted-l,3,4-oxadiazol-2(3H)-thicnes are less
reactive than the corrcesponding 5-substituted-1l,3,4-oxadiazol-2
(38H)-ones. Ring opening to the thiosenicarbazide derivatives
is possible using p-toluidine, hydrazines or thiocarbo-

hydrazide (6).
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. The actipn of nuclecphilecs on sone 3,5-Cisubstituted-
1,3y4-0xadiazol-2(3H)~-oncs have not been studied in detail,
Kurtz and Niemann have successfully hydrolysed 3-bcnzyl-5-nethyl-
1,3,4-0xadiazol-2(3H)-one £ to cthyl l-acetyl-2-benzyl-hylrazin-
2-carboxylate 10 using 0.5 N ethanoslic solution of sodiun

c¢thoxide (7).

P
N ——IN \F’t. Na 0CHs HIN =N~ (CH, Ph

H CJ\(: o ng o ¢ Ofang

q i1¢

— —_
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Due to 7 very few reports in literaturc of nucleophilic
ring opening rcactions of 3,5-Cisubstitutec-1,3,4-0xadinzol-2
(3H)=-ones and 3,5-disubstituted-l,3,4-0oxndiazol-2(3H)-thion:s,
it was worthwhile to sec the bchaviour of such conpounds towards
the nucleophilic agents like hycrazine and tricthylaninec.

Reaction of 3-ethoxycarbonyl-5-vhenyl-1l,3,4-oxadiazol-2(3H)-ons

with hydrazine

3-gthoxycarbonyl-5-phenyl-1,3,4-oxadiazol-2(3H)-on¢ 11 (8),
preparcd by the action of ethyl chloroformate cn 5-phenyl-l,3,4-
oxadiazol-2(3H)-one 12, on rc¢fluxing in ¢thanol containing
cquinolar anount cf hydrazine hycratc (80%) gave the

corresponding hydrazide 13,

o
A
N| 'T T Mo NNHL “;_"N =By
PL N0 Cadg Ph’ko/\\o H
11 13

The hycrazide 13 neltcd at 155° with deccnposition. It
gave satisfactory-elencental analyses. Its IR spectrun showed
a pe¢ak at 3500 cm-l for NH stretching along with the carbonyl
frequencices at 1755 cm'l and 1660-1690 (broad) en-1 for the ring
carbonyl and the side chain carbonyl groups rcspectively. Its
lH NMR in TFA showed signals at 6§ 7.26 - 7.83 for 5 aronatic

protons.  However, its mass spectrun did not show the MY ion at
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220; instead a peak at 162 (M% ~CHgN,0) was presente
When the hycdrazide 13 was. heatced at its n.p. for
20 ninutes, conpound 12 was obtained in 70% yicld. It gave
superinposable IR, lg NMR anc Mass spectra and undepressed
mixed n.p. with the authentic sanple (9).
The fornation of 12 fron 13 in the nass specctroncter
ns well as under thernal conditions can be explained on the basis

of the 6-nenbered transition state as shown.

(o]
|
N—N N-NH, —NH,N=c=0 NN N-j
PLTNO o ¥ H PR 07" 0n R
13 12

Reaction of 3=-ethoxycarbonyl-5-phenyl-1,3,4-0xacinzol-2(3H) -

thione with hydrazine

It was observed that a sinilar rcnction of 3-ethoxy-
carbonyl=-5-phenyl-1,3,4-oxadiazol-2(3H)-thione 14 (prepared by
the action of ethyl chleroforncte on 5-phenyl-1l,3,4-oxadiazol-2
(3H)~-thionc 15 (ld)}with hydrazine hydrate (80%) rave dircetly
the conpound 15 in 75% yicld nnd no expected hycrazide 16
could be isolated. The formation of 15 from 14 can be explained

via the hydrazide 16.
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—
Pha 0 \S CiHE ph’u\o \\;\ H
4 I6

Possibly, due to thc strong tendency of S to abstract
hydrogen aton through thc 6-nenbered transition state, thc
hycdrazide 16, as soon as it is forncd, gcts degencrated and
produces 15.

Reaction of 3~benzoyl=5-phenyl=l,3,4-0Xx2Ci2201-2(3H)=-onc with

nuclcophilcs

3-Benzoyl-5-phenyl-1,3,4-cxadiazol-2(3H)-one 17 was
preparcd by the action of bunzoyl chloricde on 2-ethexy-5-phcnyl-
1,3,4-0xndiazole 18 either ncat at 200° for 3 hr. or in
refluxing xylene for 24 hr. The compound 17, on rcfluxing in
ethanol containing equinolar anount of hycrazine hycrate (804)
or triethylanine, produced the ring opened 1,2-dibenzoyl
hydrazine 19. This showed supcrinposabls IR spectrun and
undepressed nixed n.pe. Wwith thce authentic s~inple prepared by
benzoylation of benzhydrazide (11),

The fornmation of 19 from 17 may be cxplained on the
basis of the following nechanisne
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PhconNm NHCoPK
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The nucleophile B attacks at Cg and thc ring opening
takeés place with the cleavage cf 05-0 bond rcsulting in the
fornation of the species 20 which then gets hydrolyscd to 2l.

Compound 21  zcts easily decarboxylated and forns 19,

Reaction of 5-phenyl-3-p-tolucnesulfonyl-1,3,4-oxacdiazol-

2(3H)~one with nucleophiles

The conpound 18 when treated with p-toluenesulfonyl

chloride in refluxing xylene gave S5-phcnyl-3-p-t>luencesulfonyl-
1,3,4-oxadinzol-2(3H)-on¢ 22 in 904 yicld. Thc reaction gocs
via the quaternary conplex 23 which elininates a riclccule of

ethyl chloride.

@
T

=i NN~ S —i =T e

T Cli o ~CyH=C N ¥ =
] I Istl ?J i 2HsCy

¥ QS |— | |
PhTN07T 0GH, l\ No-CyHg ﬂfL\o/ltv
L~

L 23 22

—_—

The compound 22 in its IR spcctrun showed carbonyl

frcquency at 1810 en-l. In its 1y NMR spcetrun it showed a
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3H singlct at 6 2,46 along with a 9H multiplct at 6§ 7.23 - 8.20,
It showed M* jon at 316.

When the conpound 22 was refluxed in ethanol containing
cquinolar enount of hycrazing hycdrate (807) or tricthylanine,
1-benzoyl-2-p-toluenesulfonyl-hycrazine 24 was forned. It save
superinposable IR and undepresseld nixed nep. with the authentic
snnple prepared by the nction of p-toluenesulfonyl chloridc on
benzhydrazide (12).

The formation of 24 fror 22 can be explaincd by a
nechanisn sinilar to that for 17 — 19.

N—N-T5 . N-—ﬂq—T§

3 Ha0
Ph 7&{,)\\0 Pt.’\l L co | =™ PhcoNHN-T
B 8® Lo | -8 |

CO,H

2
== -Coy

Pl <O NHINH TS
24
Thus it appcars that in 3,5-Cisubstituted-1,3,4-

oxadiazol-2(3H)-ones, the attack ¢f nucleophiles takes place
at Cg and thus cleavage of the Cs-q bondé takes place to preduce

a disubstituted hydrazinc.

with hydrazine hycdrate
3-Phenacyl-5-phcnyl-1,3,4~-oxadiazol-2(3H)-one 25 wns

prepared by the action of phenacyl bronide on 18.
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~N &J LPI: cO- Ph

NN Phcocke, | NTEN sty
J\ /LO(I’:‘C-O‘-“LB I\C)\r\geﬁw fahsB L /L Ph

—CIHS

18 25

The conpound 25 showed MY ion 2t 280 in its nass spcctru:.
Its IR spectrun showed ring carbonyl frequency at 1785 en~t
nlong with the side chain carbonyl frequency at 1700 cm-l. In
its lH NMR spectrun it exhibited a 2H singlet at 6 5.23 for th-
nethylene protons and 10H arcnatic nultiplets ~t 6 7.40 - 8,30,

when the conpound 25 wns refluxed in cethanol containing
equinolar amount of hydrazine hy-rate (804), a conzound,
n.p. 232° was obtained in 255 vield tco which sturcture 26 has
been assigned based on its spcectral data, It zave satisfactory
clenental nnalyscs. Its IR sp»cctrun showed bands a2t 3500 en-t
for the NH str.tching ~nd 1665 cu‘l for the anicdo carbonyl
group. Its g NMR szpectrua in TFA gave signals only for
aronntic protons at § 7.30 - 7.93. It gave MY ion at 173
in its nass spectrune.

The formation of 26 fronm 25 can be explaincd according

to the following ncchanisne
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NN N Ph Han Nk T /\\H/ =
Pn | X o _HxN R C’, Sy
25 _2_]_7 .
-
N%\,lj Ph ~PhConNMy I_'Fl l Ph
' e
& Py b PhSo oA
K 3]
26

Hycrazine first attacks 2t the kcto carbonyl group and
forns the hydrazone 27. The frce anine group in 27 then attrcks
Co of the oxadiazolone ring and thus produccs the triazine
derivative 28. This thcn elininates a noclccule of benzanicde

and forns 6-phenyl-1l,2,4-trinzin-3(2H)-onec 286.
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Renction of 3-cthoxycarbonyl-5-phenyl-1,3,4-cxadiazol-2(3H)-

one 11 with hydrazine hydrate

Ccapound 11 (0.234 g3 0.001 M) and hycdrazine hydrate (807%)
(0.063 g5 0.001 M) were refluxed in cthanol (20 nl) for 4.5 hr.
Solvent was then distilled under reduced pressure and the
residue was crystallized fron benzenc containing ethanol to give
fine crystals of 13 (0.2 gj; 904).

Conpound 13: n.p. 155° (dec.).

glenental analyses: Found, C: 48,9443 H: 3.664; N: 25.57%.

CoHgN40, requires, C: 49.09%; H: 3.64%;
N: 25.45%.

nujol
Lax

IR (y )3 1660-1690 (side chain C=0); 1755 (ring C=0);
3500 (NH).

lH NMR (TFi): 7.26 - 7.83 (1, 5H, acronatic).

Mass: 162 (Mt - CHgl50) .,

Thernolysis of 13

Compounc 13 (0.410 g; C.002 M) was heated in an oil bath
at 160° for 20 ninutus. The ronction nixture was then extracted
with benzenc and then benzene cvaporated off when the conpound 12
was obtained as a white solid (0.225 g; 70%) n.p. 128°,

This solid had supcerinposable IR, 1H NMR nnd Mass spectra
and undepressed nixed n.p. with the aythentic sonplc (9).

Reaction of 3-sthoXycarbonyl-5-phenyl-l,3,4-oxadinzol-2(3H)-
thione 14 with hydrazine hycrate

Conpound 14 (0.250 g; 0.001 M) and hy razinc hydratec
(80%) (0,063 g; 0,001 M) were nixed in ethanol (20 nl) and
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refluxed for 3 hr. HZthoanol wos then rcenoved under vacuunl.

The solid rcemaining in the flosk was then cerystallized fron

aqueous ethanol to needles of 15 (0.130 g; 75%) nm.n. 220°.
This hacd superinposable IR, 1H MR and Mass speetra and

uncdepressed nixed n.p, with the authentic sanple (10).

Reaction of 3-b:nzoyl-5-phenyl-1,3,4-oxadiazol-2(3H)-one 17

with nucleophilcs.

Conmpound 17 (0.266 g3 0.001 M) and hydrazine hycratc (804)
(0.063 g, 0.001 M) or triethylanine (0.101 gj; 0,001 M) were
nixed in ethanol (20 nl) an¢ refluxed for 3 hr. Then the
solvent was renoved and chloroforn was acded whon a solid
separated out. It was crystallized fron cthanol to fine
needles of 19 (0.170 g3 704) n.n. 235°.

This showed superinposable IR spectrun and uncdeprsssed
nixed m.p. with thc authentic sanple (11).

Prepar~tion of 5-phenyl-3-p-tcluenesulfonvl-l,3,4-oxadiazol-2

(3H)-one 22
e

Conpound 18 (0.950 gj; C.005 M) ~nC »-tolucnesulfonyl
chlorice (0.950 g3 0,005 M) were refluxed in xylene (25 nl) for
40 hr. Then xylenc was distilled uncer reduced precssurce The
residue was crystallized fron ag. ethanol to fine necedles cf
22 (1.420 g3 904).

Conpound 22: n.p. 164?

Blenental analyses: Found, C: 56.77%; H: 3.78%; N: 9.02% .

015H12N204S requircs, C: 56.96%; H: 3.80%;
N: 8.86%.
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lﬁ(lpuao
T nax

16 NMR (CcCly): 2446 (s, 3H, nethyl); 7.23 - 8.20 (m, OH, aromatic).

l): 1780 (C = 0).

Masss 316 (MY ion).

R:nction of 22 with nucleophiles

Compounc 22 (0.316 g3 0.001 M) and hycrazinc hydrate (80%)
(0.063 g3 0.001 M) or triethylanine (0.101 g; 0.001 M) were
refluxed in ethanol for 5 hr. Ethanol wos then removed uncer
rcduced pressure. The residue wns crystallized fron age.alecohol
(0.175 g; 60%) mep. 163-4°.

This conpound gave superinposable IR spcctrun and
undepressed nixed nep. with the authentic sanple (12).

Preparation of 3-phenacyl-5-phenyl-1,3,4-oxndiazol-2(3H)-one 25

Conpound 18 (0.950 g; 0.C05 M) and phenacyl bromide
(0.995 g3 0.005 M) were nixed and heatcd at 210° for 1.5 hr.
The rcaction nixture was then passed through a silica gel
colunn (1:20). Elution with benzene + cthyl acctate (4:1) gave
the conpound 25 (0.840 g; 604).
Conpound 25: n.p. 146° (net. cther + CCl, nixture).

Elenental analyses: Found, C: 68.44%; H: 4.41%; N: 9.82%.

C1eH o503 requires, C: 68.57%; H: 4.28%;

N: 10.00%.
nujol

AR (2
nax

'H NMR (CDClz): 5.23 (s, 2H, nethylene); 7.40 - 8.30 (u, 1CH,

DE: 1700 (side chain C = 0)3; 1785 (ring C = 0).

aronatic).

Mass: 280 (M* ion).
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Reaction of 25 with hycrazine hydrate

Conpound 25 (0.280 g3 0,001 M) and hycrazine hydrate
(0.063 g3 0.001L M) were refluxecd in e¢thanol (20 nl) for 7 hr.
Then the solvent was evaporateld off and little chloroforn was
added, The nixture wns cooled overnight when crystals of

26 separated out. It was filtercd (0.045 g; 25%).

Compound 263 Nepe 2320.

Blenentalkianalyses: Found, C: 62.67%; H: 4.11%; N3 24.34%.
CglyN50 requires, C: 62,43%; H: 4.05%;
Ns 24.28%.

nujol
lﬁ(bmmx )

1665 (C = 0); 3500 (NH).

1H NMR(TFA) : 7-80 - 7.03 (i,7I, aromatic).
Mass: 173 (M* ion).
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CHAPTER I
Cvcloaddition Reactions of Suiic Irihctercatonic¢ Azoles

A wide range of heterocyclic conpouncs containing at
least one nitrogen atom and possessing the grouping -N = C(R)-
[ﬁ = H or alky;7és a part of the ring are known to undergo
cycloaddition reactions with dienophiles or dipolarophiles such
as dinethyl acetylenedicarboxylate (DMiD), phenyl isocyanatec,
naleic anhydride etc, Especially with DMiD, such cycloaddition
rcactions have been extensively studied with sinple five and
six nenbered heterocycles like pyrrole and pyridine and their
fused benzo derivatives as well as with compouncs containing t
heteroatons such as thiazole, oxazole, inidazole, pyrazine,
pyrinidine, diazine ctc. and their corresponding fused benzo
derivatives.

Dgpending on the ﬁature of the heterocycle and reaction
conditions, the cycloaddition rcactions of the above heterocycles
with DMAD can lead to a varicty of adducts with structures
differing in the degree of conplexity and incorporating 2,3 or
even 4 noles of DMaD. Such 2:1, 1:1, 1:2, 1:3 and 1:4 cyclo-

adducts have been briefly reviewed.



The 1l:2 adducts obtained are of the following types:
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When the heterocyclic base contains, at 2-position, an
activated methyl or methylene group (R = -CH2-R'), besides the

above, the following 1:2 type of adducts are also known.
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In the present work, the cycloaddition reactions of sone
1,3,4-oxadiazole, 1,3,4-thiadiazole and 1,2,4~-triazole cdcrivatives
with DMAD and phenyl isocyanate have been studied,

It has been found that both 2-phenyl-l,3,4-oxadiazole 7
and 2-phenyl-1l,3,4-thiadiazole 8 at 140° for 3 hr, with DMiD
forn 132 adducts of the type 3.

2-Methyl-5-§henyl-l,3,4-oxadiazole 9 with 1:2 DMiD at 02°
for 5 hrs gives the 132 adduct of type 6 and a crude nixture of

133 red adducts (indaicated by M* in Mass Spectrun). However,
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the crude 1:3 adduct nixture could not be purified either by
chronatography or by crystallization.

2-Methyl-5-phenyl-1,3,4-thiadiazole )@, on the other
hand at 100° for 3 hrs, with DMiD gives a product of type 6
and a product of type 2. When this reaction is carried out at
roon tenperature for 5 days in DMF, two isoncric conpounds of
the type 6 (m.p. 72° and 171°) arc formed along with the 1:2
acdduct of type g.

4 novel type of 1l:2:1 adduct has been isolated from the
reaction of 7, DMAD and phenyl isocyanatc. Based on the spectral
data, it has been assigned the structure §11-inother interesting
1:2:2 adduct 12 is formed from the reaction of 8, DMAD and

phenyl isocyanate,

Ph P,
\ y

E 6] ©

E E

"k’lL N E Pt.’U\S . PH’U\“’U\ CONHPhH
I+ N — Ph [
E | C H5

o

—_—

4=-Methyl-3-phenyl-l,2,4-triazole 13 reacts with DMAD even
at -35°, but no definite cycloadduct could be isolated in thc
pure forn fron the highly conmplex reaction nixture. With phenyl
isocyanate, on the other hand, 13 forms a smooth 1l:1 adcuct 14

in nore than 904 yield, sinilar to pyrazoles and imidazoles.
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Recently Srinivasan and Upadhyaya reportcd that
S-ncrecapto~§-phenyl-1,2,4-triazole 15 rcocts with DMAD in
refluxing nethanol containing glacinl acectic acid to give
16 n.p. 1960. 4an isonmeric conpound, n.p. 197° has been
isolated by carrying out the rcaction in nethanol containing a
few drops of hy&rochloric acid at room tenmperaturec fof
24 hours. Based on the spectral data (particularly
lH NMR) and reecent correction in structures of addition
products formed from thiourcas and DMiD from thiazinone

to thiazolinone structures by X-ray crystallography,

structure 17 has been proposed for the above additicn product.
O
NN M~ N~ H —
Ph SH P S5AE PLOSNNG

15 16 17

CHAPTER II

Thermal rearrangenent reactions of sone alkylthio

substituted triheterocatonic azoles

Many thernal rearrangenent reactions involving 1,3-
alkyl nigrations arc known in the literature, The various
types of thermal 1,3 alkyl nigration reactions have been briefly
accounted, It is observed that very few exanples of

1,3 5 —N alkyl nigration reactions exist in the literaturec.
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Ininc ethers are known to thernally rearrange into their
corresponding N-substitutcd anides,. Thus Golfier ct al,
reported that 2-alkoxy=-l,3,4-oxadiazoleslrearrange on heating

to their corresponding 3-alkyl-1l,3,4-oxadiazol-2(3H)-ones 2,

[ f!/R
R'J\o \o’R P\Ij\O o)

1 2

However, when l-[f&-oxqcyclohexyl)thig?-isoquinoline S
and 4-[}&-oxocyclohexyl)thig7-quinazoline 6.are refluxed in DMF,
they extrude elenental sulfur and forn, l-(«-oxocyclohexyl)-
isoquinoline 7 and 4-(«-oxocyclohexyl)-quinazoline 8

respectively.

in o
N} O,I A ~ N
@\xj - DM ~ )

‘ X= cH 7 X=CH

I3

6: XN E:Xx=nN
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The present work conprises of a study of the thernal
rearrangenent reactions of alkylthic substituted triheteroatonic
azoles for attenpted sulfur extrusion rcactions. It has been
found that in refluxing DMF, the B-kctoalkylthio substituted
triheteroatomic azoles g yield nerciyto azoles 10 along with
N-alkyl thiones 1l formed by 1,3 S-—N nigration of alkyl

gTOUpPe

N =

N~ NN N-R
PAJ\X/' 5/ DM r"h/h\X‘u\ SH N ?hJJ\x/\L

q 10 i

— —

It has been observed that when the alkyl group contains a
keto group at the B8-position, thc carbonyl frequency of
N-alkyl-thiones 1l cones higher by ca. 25 en™! than thot of
corresponding alkylthio azoles Q.

Based on the tendency of the imino nitrogen atonm in 9
to abstract a B-hydrogen aton from the alkylthic group and
thus forn 10, the thio-Claisen rearrangenent reactionsof
allylthio 12 and nethallylthio 13 substituted triheteroatonic
azoles were carried out. These reactions went very snoothly

producing over 80% yields of N-allyl 14 and N-ncthallyl 15

thiones respectively.
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R R
N_Nt_ﬁ/ N g N-—N/\'/
P ‘/lg DMF a PH’M\X’Jb I
X: O, S_, NCH5

P R=H
R :‘C—Hs

l

N

ad

:t R=
R =

o |

s - CHs
CHAPTER IIT

Synthesis of fused trihetercatonic azole ring systens

Many heterocyclic inino alkylthio ethers of the type 1,
in which the alkyl group contains a B-kecto grouping or A8-¢
unsaturation, are known to undergo cyclization with PCA to
forn 2 and cyclodehylration with acid: like sulfuric acid,

polyphosphoric acid or hydrobronic acid to produce 3.

“I—————» 'i jim oy
//l\ or
R, sg‘
1 2 3
These types of reactions have been studied for nany
heteroeyeclic systens like pyridines, quinolines, phenanthridincs,
pyrinidines, pyrazines, thiazoles, benzothiazoles, triazolcs,

tetrazoles etec. 41l attenpts to cyclize the benzoxazole

derivative failed.
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In the present work thcese types of reactions have becn
carried out with sone (B~kcto or B-Y unsaturatcd) alkylthio
substituted 1,3,4-oxadiazole, 1,3,4~thiadiazolec and

1,2,4-triazole derivatives using PCa.

X\ XH
N R o N~ j/pn ©
xlsj\kl j\ “°%

N—@
PhJ\x/u\ Ci 04

It was observed that 2-phenacylthio-5-phenyl-1l,3,4-
oxacdiazole 4 did not rcact with PCA at 100° for 15 hr. while
the corresponding 1,3,4-thiadiazole and 1,2,4-triazole
cerivatives § and 6 were smnoothly cyclodehydrated with PCA at
100° to fern 7 and 8 respectively.
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. In a sinilar way using appropriate alkylthio substitutcd
1,3,4-thiadiazoles and 1,2,4~-triazoles, the following ring systens

were also preparcd,

- &
Clog Clog Clo4

" ~N { é? P
“"l N =
| [ 'j* R
Ph” X/”\S I Pt(mx/‘ks | Ph’lel S
R=H, CHy

2 X=5 1
it = ¥= INCHy

It was found that the fused 1,3,4-thiadiazoliun salts

7 and 10 reacted with nethanclic KCN and forned the compounds 13

and 14 respectively. However, the¢ ring opened conpounds 1§
and 16 were obtained frem a sinilar resction with the 1,2,4-

triazoliun salts 8 and 1l respcctively.

ool g

| S
\CH5 \C—H3
I3 l4
N—-—N—-[r F iji?
PI-\/U\"‘}/&() H/\sc H?) Pl‘\JJ\'}‘/LO ‘
CH.?’ ch S(H3
15

— i€
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CHAPTER IV

Thermal Rearrangenent of 1,3,4-oxadiazolc derivatives

The 1,3,4-o0xadiazol-2(3H)~ones with alkyl or aryl
sybstituents in 3 and 5 positicns are thernally quite stable at
220° and the oxadiazolone ring systen cleaves only above 250°.
Thus, 3-benzoyl-5-phenyl-1,3,4-oxadiazol-2(3H)-one 1l is found to
- be thernally stable at 220° and is decarboxylated to 2,5-diphenyl-
1,3y4-0xadiazole 2 only at 280-300° in 4 hrs. Conpound 1 was
preparced in quantitative yield by the action of benzoyl
chloride (BzCl) on 2-ethoxy;5-phenyl-l,3,4-oxadiazole 3; but
treating 3 with benzoic anhydrice (BZZO) gave 2 as a major pro

duct.

4 mechanisn for the fornation of 2 fron 3 involving OBz~ ion

has been proposed, This was supported by the fornation of 2

fron 2-phenoxy-5-phenyl-l,3,4-oquiazole 4 and BZZO as well as

fron the rcaction of 2-c¢thylthio-5-phenyl-1,3,4-oxadiazole S
and Bzzo.

N Bz Cl
\§ j:' |
Ph™N6-" 0 H
L
2 >

—

e

lj'—_-
Ph Ph

S(J-HS
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On the basis of thermal stability of 1,3,4-oxadiazol-2
(3H)-one ring systen, a r.vised nechanisn (not involving
clecavage of the ring systen as proposed by Golficr et all)
involving a six nembcred transition state has been proposed
for the thermal ccnversion of 3-alkoxycarbonyl-5-phenyl-1,3,4-
oxadjazol-2(3H)-ones 6 to 3-alkyl-5-phenyl-l,3,4=-oxadiazol-2
(3H)=-ones 7 with a net loss of COse This nechanisn,is
supported by the thernal fornation of 2-¢thylthjo-5-phenyl-1,
3,4-oxadiazole 8 fron 3=-ethoxycarbonyl-5-phenyl-1,3,4-
oxadiazol-2(3H)~-thionec @ as well as the thernal stability of
3-phenoxycqrbonyl-5-phenyl-l,3,4-oxndiazol-2(3H)-one 10.

N'——Nj‘io -0y Nl-——-N N'-—N’R
Ph N0~ YR S Ph o)Lo'R 'p,, 0o

19y
(BN

k ,L 2o Ph' SR Ph‘O’LO 'f’"

CHAPTER V

Rgactions of Nucleophiles with 1,3,4-oxadiazole derivatives

The 1,3,4-oxaciazole ring is known to open by thc acticn
of acids and alkalies to the corresponding dihydrazides. The
ring cleavage of 1,3,4-oxadiazol-2(3H)-ones and 1,3,4-

cxadiazol-2(3H)-thiones can be achieved by the action of
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nucleophiles such as ammonia, amines and hydrazines. Thus

nany S-aryl end alkyl substituted deriv-tives of 1,3,4-oxadiazol-2
(3H)-ones 1 have been found to open up by the action of the above
nucloecphiles to their corresponcing substituted hydrazides 2 or

carbohydrazides 3 by hydrolysis followed by decarboxylation.

N—NH H20
RCONHNHCO,H
R ’lo)‘\o [ ‘ j
1
= -Co
N—}H *
R‘[Ao <o

RCONHNHKCONHNHCO R < R-CoNHNH,

3 2

The present work consists of reactionyof anines and
hydrazine hycérate on 3,5-disubstituted-l,3,4-oxadiazol-2(3H)~-ones
and 3,5-disubstituted-1l,3,4-oxaciazol-2(3H)~-thiones.,

S-Ethoxycarbonyl-5-phenyl—l,3,4—oxadiazol-2(3ﬂ)-one 4 on
treatment with hydrazine hydrate forms the corresponding,
hydrazide 5 which on heatings deconposes to . give 5-phenyl-1,3,4-
oxadiazol-2(3H)=-one G. 3-Ethoxycarbonyl-5-phenyl-1,3,4-oxadiazol-2
(3H)=-thione 7 ives directly 5-phenyl-l,3,4-oxadiazol-2(3H)-

thione 8 when treated with hydrazine hydrate.

;COQ_C H .
j‘\\ 2 5HzNNHl I\O/l c(\l NH LN N H
Ph (8] X P‘,‘/ PL\ C X
-4-_.: K:O E X;o 6 X=0
7:X: 5

'CQ
u

3-Phenacyl-5-phenyl-1l,3,4~oxadiazol-2(3H)~-one 9, preparec

from phenacyl bromice and 2-ethoxy-5-phenyl-l,3,4-oxadiazole 10,
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on treatment with hydrazine hycrate yields 6-phenyl-1,2,4-
triezin-3(2H)-one 1ll., A mechanism for the formation of 1l from

S has been proposed.

B PhCOCH, :5v N = V/\—-Pk HaN s, Nﬂ/?h
P;\JLOJ\O(J_HS /’ O/L 04\N/N

-

o 9 I

3-Tosyl-5-phenyl-1,3,4-oxadiazol-2(3H)-one 12 and
3-benzoyl-5-phenyl-1,3,4-oxadiazol-2(3H)-one 13, similarly
prepared, reacted with hydrazine hydrate and triethylamine
to give their corresponding ring opened dihydrazides 14 and

15 respectively.

Ny - B
o~ U\O/L > kaONHNHR
: P\:.TS ﬁ; R:Ts
12 - R=Bz 15 - Rz Bz
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